Master of Science by Petersen, Carol Ann
GEOLOGY AND GEOTHERMAL POTENTIAL 
OF THE ROOSEVELT HOT SPRINGS AREA, 
BEAVER COUNTY, UTAH 
by 
C a r o l Ami P e t e r s e n 
A t h e s i s s u b m i t t e d t o t h e f a c u l t y of the. 
U n i v e r s i t y of U tah i n p a r t i a l f u l f i l l m e n t of t h e r e q u i r e m e n t s 
f o r t h e d e g r e e of 
M a s t e r of S c i e n c e 
i n 
Geology 
D e p a r t m e n t of Geology and Geophys ic 
U n i v e r s i t y of Utah 
% S amine A 1975 
4 
T 
  Ii H J.  
 l' I  
 
l nn  
  itt    l   
i r it     rti l nt   r nt
    
H .st r  Sci.
in 
c  
epa nic  c ~ D  s 
n;1 t:-I ta
UNIVERSITY OF UTAH GRADUATE SCHOOL 
S U P E R V I S O R Y C O M M I T T E E A P P R O V A L 
of a thesis submitted by 
C a r o l Ann P e t e r s e n 
I have read this thesis and have 
degree. 
7 / > v / 7 ^ 
Date 
found it to be of satisfactory quality for a master's 
H a r r y D. Goode 
Chairman, Supervisory Committee 
T have read this thesis and have found it to be of satisfactory quality for a master's 
degree. 
D a t e
 James A. Whelan 
Member, Supervisory Committee 
I ITY    II
I  I  APPROV  
f ittc  
l  e t
T  c f t     
r I 
rry 
Chairman, Supervi&ol')' Committee 
J r  !'!
.
7/)7-17'1 - {?c,4tYlM a ~ 
 \-l lD:ue 
r, r is r  itt  
t have rt'ad Ih; ~ Ihl"!> is and 11:"1\'(' found il 10 1)(' of sa lisf:\ctory q it )' for a master's 
77~&bi . UJi//Jt{,!l!L/.-i~'4--
D~te William T. Pa rry 
Member, Supc-rviJOry Committee 
UNIVERSITY OF UTAH GRADUATE SCHOOL 
F I N A L R E A D I N G A P P R O V A L 
in its 
To the Graduate Council of the University of Utah: 
I have read the thesis of C a r o l Ann P e t e r s e n 
final form and have found that (1) its format, citations, and bibliographic style are 
consistent and acceptable; (2) its illustrative materials including figures, tables, and 
charts are in place; and (3) the final manuscript is satisfactory to the Supervisory 
Committee and is ready for submission to the Graduate School. 
Date „ „ H a r r y D. Goode 
Member, Supervisory Committee 
Approved,for the Major Department 
' S t a n l e y H. Ward 
Chairman/Dean 
Approved for the Graduate Council 
S t e r l i n g M. McMurrin 
Dean of the Graduate School 
 /\l1 H.:\  GII
L  APPROVAL
 c cn  ;
__ l ~~ _ _ __ in its 
li  ! nn:u , .it t . i r<lp ir. 
 t! r ll i
 llmn t  i tnr   
nun u c  (   
~ n, 1175 
  
e er, U!X'T" ;J,;)ry ;lIee 
PPfO\It: (or the ajor Depart ent 
__ _ ,~LL~{_ 
1  \.)'a r
inn / <!a n 
 l: r te !': !
~~))I<m4'w 
c o~ Hdlur i  
Dean of the (;r"dua\.e School 
La/ 
ACKNOWLEDGEMENTS 
The w r i t e r w i s h e s t o e x p r e s s a p p r e c i a t i o n t o t h e Utah 
G e o l o g i c a l and M i n e r a l Survey f o r f i n a n c i a l s u p p o r t t h a t made 
p o s s i b l e t h i s s t u d y . P a r t i c u l a r t h a n k s go t o D r . W i l l i a m P . 
H e w i t t , p a s t D i r e c t o r of t h e S u r v e y , f o r s u g g e s t i n g t h e p r o j e c t 
and f o r n e v e r - f a i l i n g e n c o u r a g e m e n t . 
My a d v i s o r , D r . H a r r y D. Goode, s u p p l i e d h e l p f u l s u g g e s t i o n s 
and c r i t i c a l r e v i e w , wh ich w e r e much a p p r e c i a t e d . S i n c e r e t h a n k s 
a r e a l s o e x t e n d e d t o D r . James A. Whelan , who p r o v i d e d v a l u a b l e 
d i s c u s s i o n and s u g g e s t i o n s . 
James L i n d s a y k i n d l y f u r n i s h e d c o l o r s t e r e o a e r i a l p h o t o ­
g r a p h s , which p r o v e d t o b e e x t r e m e l y u s e f u l . 
E B  
       
i l  N     rt t 
        i lia  
it ,     ,    pr j  
a  f r r-f ili  encoura e e t. 
    i e  f l su
     .  t
  e       
  su ti .
       -
.     l  usef l.
CONTENTS 
Page 
Acknowledgements i v 
I l l u s t r a t i o n s v i i i 
T a b l e s i x 
A b s t r a c t x 
I n t r o d u c t i o n 1 
P u r p o s e and s c o p e of r e p o r t 1 
L o c a t i o n and a c c e s s i b i l i t y 2 
F i e l d and l a b o r a t o r y me thods 3 
Geography 5 
P r e v i o u s i n v e s t i g a t i o n s 8 
G e n e r a l Geology 10 
S t r a t i g r a p h y . . . . 10 
Metamorph ic r o c k s 10 
D i s t r i b u t i o n 10 
L i t h o l o g y 11 
C o n t a c t r e l a t i o n s 12 
Age 13 
I g n e o u s r o c k s 13 
I n t r u s i v e r o c k s 13 
G r a n i t e 13 
E x t r u s i v e , r o c k s . 15 
 .•. 
str tions . ••. .......... ...... .... ...... .... .. ... ........... 
 .... ........ .................... .... .. .. ....... . ... ... . .. 
t t ..... . • .. • ......... .. ... ... ... . .... . ... .... ..... .. .... . 
t i  •.•.. .. .. ........ .......... .. ... .. .... .. .. 
   f . · .... . .... .. ... ... ... .. ... ... . 
ti   i ilit  ... 
  ry t s. ............ ... ... ... ... .... . 
 •.•....... ..... 
 . 
  ..•. ...... .. ...... ... .......... ... .. .. .......... 
tigraphy .. · .. ............................ . .. . 
 . · ..... .... ... ... . ...... ... ... .... . . 
is i  . · ... .... ...... .... ....... .. .... .. . . 
~i .. . . · .... .. ..... .. . ..... .. ....... . 
 . 
g ••• . •• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
I . 
I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 














x tr r cks . . ..... . .......... .. ...... .... .. 1  
G e n e r a l G e o l o g y — C o n t i n u e d 
S t r a t i g r a p h y — C o n t i n u e d 
I g n e o u s r o c k s — C o n t i n u e d 
E x t r u s i v e r o c k s — C o n t i n u e d 
Page 
S i l i c i c f low r o c k s 16 
U n c o n s o l i d a t e d d e p o s i t s 17 
A l l u v i u m . . 17 
V-embankments 18 
S t r u c t u r e 20 
F a u l t s 20 
B a s i n and Range f a u l t s 20 
N o r t h - s o u t h f a u l t s 20 
S m a l l f a u l t s i n t h e a l l u v i a l f a n 22 
E a s t - w e s t t r e n d i n g f a u l t ( ? ) 23 
Geomorphology 24 
Summary of g e o l o g i c h i s t o r y 24 
D e s c r i p t i o n of h o t s p r i n g s , h o t - s p r i n g d e p o s i t s , and 
w e l l s of t h e R o o s e v e l t a r e a 27 
Rocks composed of s i l i c a - c e m e n t e d a l l u v i u m 28 
U n i t A 28 
U n i t B 31 
U n i t C 34 
R o o s e v e l t Hot S p r i n g s R e s o r t a r e a 35 
Negro Mag Wash a r e a 36 
Opa l a r e a 36 
D r i l l h o l e s 37 
v i 
eneral C --  
t r atigraphy--Con t inued 
I gneous - -  
r i e -- t  
age 
i i i c fl  r cks. . . .... . .. . .. .. . . .... . .. .  
nconsolidated posits.. . .. . . .. . . . .. . . .. . ... ...... .. 7 
lluviu .. .. . . .. . .. . ... . ... ... . . . • .. . .. . . .. .. . . .  
a ents .. .... . .. • . . . .. .. . .. • .. . . . • .. . .• . . .  
t r . . .. .. .. ... . . ...... .... • •.. .. ..... • •... .• .... .•.. 
lts. . . . .. . .... . . .... .. . .. .. .... . . . .. . ... ....... . .. 
i    ults.... .... ...... ..... . . . . ... 
t  lt . . . .. .... . ... . ..... . . . .. . . .. . . 
l    l . ... .. . . . .. .... . 
  l .... .... ...... . .. .. .. 
r l gy. . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . • • . . . . • • • . . . • . 
  .... . . . ...... . . . . .... .. . . .. .. . . 
   i ,   
e l    lt . . .. .. . .. . . . .. .. ..  
  a- cemente  . . .... . . . .. .. . . . 
. .... . .. .. ... . . . . .. . . . ..... . . . . . . . . . .. .. . ... . ..  
 ..... .. . .. .. . . .. .. . . ... ... . .. . . . ... ........ . .. . 1 
ni  . .. . . .. . ... ... .... . .... .. . . . . .. . . ... .. . . .. . . . ..  
   . . .... . . . . ..• .... .. .... • . 5 
eg r Nag \-,las . . . . . . .. ..... . .... .. .. . ...... . . . ... . ...  
n ar . . ..... . ... . . .. . .. •. . . . •• . .. .. . . . ..• .....•. . .. . • . 3  
ll o] . ... . ... .. . . . ... . ... . .. ... . .. ... . .. ... .. ... . ... 37 
i
D e s c r i p t i o n of h o t s p r i n g s , h o t - s p r i n g d e p o s i t s , and 
w e l l s of t h e R o o s e v e l t a r e a — C o n t i n u e d 
Page 
H e m a t i t i c s t a i n i n g of a l l u v i u m 38 
Water c h e m i s t r y of R o o s e v e l t Hot S p r i n g s . 39 
Geochemica l t h e r m o m e t e r s 41 
S i l i c a g e o t h e r m o m e t e r 41 
S o d i u m - p o t a s s i u m - c a l c i u m g e o t h e r m o m e t e r 42 
D i s c u s s i o n 43 
P o s s i b i l i t y of a c o m m e r c i a l g e o t h e r m a l s y s t e m i n t h e 
R o o s e v e l t a r e a 45 
P o s s i b i l i t y of a h e a t s o u r c e 47 
P o s s i b i l i t y of a r e s e r v o i r 47 
P o s s i b i l i t y of a cap r o c k 47 
P o s s i b i l i t y of w a t e r 48 
R e f e r e n c e s c i t e d . . 49 
v i i 
c ti n f t rin , hot-spring eposits,  
ells f t  c t -- ti  
age 
Hematitic staining of alluvium..... . ........ . ....... . ..... 38 
Water chemistry of Roosevelt Hot Springs.. .. ........ . .... . .... . 39 
Geochemical the.rmometers .... . ........ .. ... . .... . . .. ....... 41 
Silica geothermome ter. . . . . . . . . . . . . . . . . . . . . • . . . . . . • . . . 41 
Sod i um-potassium- cal cium geothermometer ... ...... ... .. 42 
Discussion ........... .. ... . . .. ... . ......... . . .. . . . . .. 43 
Possibility of a commercial geothermal system in the 
Roosevelt area..................... . .......... . .... 45 
Possibility of a heat source.............. . ......... .. .... 47 
Possibil ity of a reservoir.......... . . ..... .. ....... . .... . 47 
Possibil ity of a cap rock....... . . .. .. . . . .. . . .. . ....... ... 47 
Possibili ty of water . .. . . . ..... . ... . ..... . ..... . .... . ..... 48 




T a b l e 1. P r e c i p i t a t i o n and a v e r a g e t e m p e r a t u r e 
of t h e M i l f o r d V a l l e y , 1966-1972 7 
2 . C o m p o s i t i o n of s a m p l e s R-128 and 
R - 1 7 , U n i t A 29 
3 . C o m p o s i t i o n of s a m p l e s R-67 and 
R - 7 1 , U n i t B 32 
4 . A n a l y s e s of w a t e r from R o o s e v e l t Hot S p r i n g s 40 
 
Table 1. Precipitation and average temperature 
of the Milford Valley , 1966-1972 . . . . . ...... . .. 7 
2 . Composition of samples R- 128 and 
R-1 7. Unit A .. . •. . •. ... •. .. .• ... . • • • • . , • •• .. .. 29 
3 . Composition of samples R-67 and 
R- 71, Unit B.. ............. .... ..... . ......... 32 
4. Analyses of water from Roosevelt Hot Spr ings . . . . . .. 40 
ILLUSTRATIONS 
Page 
F i g u r e 1.—Map showing l o c a t i o n of t h e R o o s e v e l t a r e a 4 
2 . — G e o l o g i c map of t h e e a s t e r n p a r t 
of t h e R o o s e v e l t a r e a P o c k e t 
3 . — G e o l o g i c map of t h e R o o s e v e l t a r e a P o c k e t 
US R I
Fi gure 1 .--Map s howing l oca t ion of the Rooseve l t area . ..•... . 
2.-- Ceol ogic map of t he eas t ern part 
 
4 
of the Roosevelt a r ea . . .... . .. . •.. . .. . .. . Pocke t 
3.--Geologic map of t he Roosevelt a r ea .. •. . •• . . .. . •.. . Pocket 
ABSTRACT 
The R o o s e v e l t a r e a c o n t a i n s R o o s e v e l t Hot S p r i n g s , one of two 
Knoi^n G e o t h e r m a l R e s o u r c e A r e a s i n U t a h . The R o o s e v e l t a r e a i s 
e 
l o c a t e d on t h e w e s t e r n f l a n k of t h e M i n e r a l Range i n Beaver C o u n t y . 
P r e c a m b r i a n ( ? ) me tamorph i c r o c k s and T e r t i a r y i g n e o u s r o c k s 
c r o p o u t i n t h e e a s t e r n p a r t of t h e R o o s e v e l t a r e a . U n c o n s o l i d a t e d 
d e p o s i t s of T e r t i a r y and Q u a t e r n a r y age c o v e r mos t of t h e R o o s e v e l t 
a r e a . 
The P r e c a m b r i a n ( ? ) m e t a m o r p h i c r o c k s , p r i n c i p a l l y b i o t i t e g n e i s s , 
a r e p r e s e n t b o t h a s i s o l a t e d o u t c r o p s and a s b l o c k s w i t h i n t h e g r a n i t e 
of t h e M i n e r a l Range p l u t o n . The p l u t o n i s p r i m a r i l y composed of 
c o a r s e - t o m e d i u m - g r a i n e d g r a n i t e . R a d i o m e t r i c age d e t e r m i n a t i o n s 
show t h a t p a r t s of t h e p l u t o n r a n g e i n age from l a t e Miocene t o e a r l y 
P l i o c e n e . 
S i l i c i c v o l c a n i c r o c k s c r o p o u t i n Negro Mag Wash and i n W i l d -
h o r s e Canyon. I n b o t h a r e a s , t h e v o l c a n i c r o c k s were e x t r u d e d o n t o 
an e r o d e d s u r f a c e of t h e g r a n i t e and a r e t h o u g h t t o be P l i o c e n e i n 
a g e . 
No p r e - T e r t i a r y s e d i m e n t a r y r o c k s c r o p o u t w i t h i n t h e R o o s e v e l t 
a r e a . Most of t h e a r e a i s c o v e r e d by a l l u v i a l f an d e p o s i t s . Most 
of t h e a l l u v i u m was d e r i v e d from t h e g r a n i t e , b u t some was d e r i v e d 
from t h e s i l i c i c v o l c a n i c r o c k s . Some of t h e a l l u v i u m was worked i n t o 
V-shaped embankments a t d i f f e r e n t s t a g e s of Lake B o n n e v i l l e . 
i! s elt  t  sevelt t , On  f  
w l r    .  sevelt c  i  
l ocated on the western f l ank of the Hinera-l Range in Beave. r County . 
Precambrian(?) metamorphic rocks and Tertiary igneous rocks 
c r op out in the eastern par t: of the Roosevel t area. Unconsolidated 
deposits of Tertiary and Quaternary age cover most of the Roosevelt 
a r ea. 
The Precambrian(?) metamorphic rocks. prlncipally biotite gneiss, 
a r e present both as isolated outcrops and as blocks within the granite 
of the Mineral Range p l uton. The pluton is primarily composed of 
coarse- to medium-grained gl:anite. Radiometric age determinations 
sh o\-,.' tha t parts of the pluton range in age f r om late Miocene to early 
Pliocene. 
Silicic volcanic rocks cr op out in Negro Mag \o]ash and in Wild -
horse Canyon. In both areas , t he volcanic rocks were extruded onto 
an eroded surface of the granite and are thought to be Pliocene in 
agf;! . 
No pre- Tertiary sedimentary rocks crop out \0,'1 t h in the Roosevelt 
area.. Most of the area is covered by alluvi.al fan deposits . Host 
of the al l uvium was derived f r om the granite, but some was derived 
f r om the silicic volcanic r ocks . Some of the alluviUl:l \-,.·as work~d i nto 
Y-shapl.!d emb':lIlkments at different stages of Lake Bonneville. 
N o r t h - t r e n d i n g f a u l t s a r e p r e s e n t w i t h i n t h e f o o t h i l l s of t h e 
M i n e r a l Range i n t h e R o o s e v e l t a r e a . A n o t h e r c o n s p i c u o u s n o r t h -
t r e n d i n g f a u l t , t h e Dome F a u l t , o f f s e t s U n i t s A and C and a l s o P l e i s 
t o c e n e ( ? ) h o t - s p r i n g d e p o s i t s . A w e l l t h a t y i e l d e d s t e a m may have 
p e n e t r a t e d t h e Dome F a u l t . The w e s t b l o c k of t h e Dome F a u l t i s d i s ­
p l a c e d upward r e l a t i v e t o t h e e a s t b l o c k ; movement on t h e f a u l t 
o c c u r r e d d u r i n g t h e P l e i s t o c e n e . N o r t h - and n o r t h e a s t - t r e n d i n g 
f a u l t s t h a t p r o d u c e d s m a l l d i s p l a c e m e n t s i n t h e a l l u v i a l f a n s u r f a c e 
we re mapped i n t h e c e n t r a l and w e s t e r n p a r t s of t h e R o o s e v e l t a r e a . 
An e a s t - t r e n d i n g f a u l t may b e p r e s e n t b e n e a t h Negro Mag Wash. 
R o o s e v e l t Hot S p r i n g s a r e no l o n g e r f l o w i n g , b u t a p a t c h of s o i 
n e a r t h e main o r i f i c e i s 2 0 4 ° F . O t h e r p a t c h e s of warm ground and 
s m a l l d e p o s i t s of s i l i c e o u s s i n t e r a r e p r e s e n t i n Negro Mag Wash. 
T h r e e r o c k u n i t s of s i l i c a - c e m e n t e d a l l u v i u m , c a l l e d U n i t A, U n i t B, 
and U n i t C, and d i f f e r e n t i a t e d on t h e b a s e s of l i t h o l o g y , o u t c r o p 
p a t t e r n , and d e g r e e of s o r t i n g , w e r e mapped i n t h e R o o s e v e l t a r e a . 
A p p r o x i m a t e l y 5 0 , 0 0 0 s q u a r e f e e t of s i l i c e o u s s i n t e r i s exposed a t 
t h e s o u t h end of t h e Dome F a u l t . S e v e r a l h o l e s we re d r i l l e d i n and 
a round t h i s s i l i c e o u s s i n t e r d e p o s i t . One h o l e r e a c h e d a d e p t h of 
275 f e e t , where s t e a m b lew t h e d r i l l i n g e q u i p m e n t o u t of t h e h o l e ; 
t h e t e m p e r a t u r e of t h e s t e a m was 2 7 0 ° F . 
The s i l i c a g e o t h e r m o m e t e r and t h e s o d i u m - p o t a s s i u m - c a l c i u m 
g e o t h e r m o m e t e r were b o t h a p p l i e d t o p u b l i s h e d a n a l y s e s of R o o s e v e l t 
Hot S p r i n g s w a t e r . The s i l i c a g e o t h e r m o m e t e r i n d i c a t e d r e s e r v o i r 
t e m p e r a t u r e s of 210° and 195°C; t h e Na-K-Ca g e o t h e r m o m e t e r gave 
t e m p e r a t u r e s of 298° and 292°C. 
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The p r e s e n c e of r e l a t i v e l y young i n t r u s i v e and e x t r u s i v e i g n e o u s 
r o c k s , t h e s t eam w e l l , h o t s p r i n g s , and t h e f a v o r a b l e g e o c h e m i c a l 
d a t a a l l i n d i c a t e t h a t a h o t s u b s u r f a c e i g n e o u s body e x i s t s i n t h i s 
a r e a . P r i m a r y p o r o s i t y i n t h e g r a n i t e and t h e me tamorph ic r o c k s 
i s p r o b a b l y v e r y low; s e c o n d a r y p o r o s i t y a l o n g f a u l t s may be v e r y 
i m p o r t a n t . T h e r e a r e n o t s u f f i c i e n t d a t a t o e v a l u a t e t h e h y d r o -
l o g i c c o n d i t i o n s t h a t m i g h t p r e v a i l i n a g e o t h e r m a l s y s t e m i n t h e 
R o o s e v e l t a r e a . 
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INTRODUCTION 
P u r p o s e and Scope of R e p o r t 
I n r e c e n t y e a r s , g e o t h e r m a l r e s e r v o i r s have b e e n r e c o g n i z e d a s 
v a l u a b l e n a t u r a l r e s o u r c e s , and t h e s e s y s t e m s a r e now t h e o b j e c t of 
much e x p l o r a t i o n . 
R o o s e v e l t Hot S p r i n g s i s one of two a r e a s i n U tah t h a t we re 
d e s i g n a t e d a s Known G e o t h e r m a l R e s o u r c e A r e a s by p e r s o n n e l of t h e 
U. S. G e o l o g i c a l Survey (Godwin and o t h e r s , 1 9 7 1 ) . The o t h e r a r e a 
was C r a t e r Hot S p r i n g s , a l s o known a s Abraham Hot S p r i n g s , i n J u a b 
Coun ty . The a r e a s u r r o u n d i n g R o o s e v e l t Hot S p r i n g s was c o n s i d e r e d 
t o b e a good p r o s p e c t b e c a u s e t h e s p r i n g w a t e r s we re r e p o r t e d t o be 
v e r y h o t and t o have a h i g h s i l i c a c o n t e n t , and b e c a u s e r e l a t i v e l y 
young i g n e o u s r o c k s c r o p o u t n e a r b y ( J a c k Smedley , 1 9 7 3 , p e r s o n a l 
c o m m u n i c a t i o n ) . The g e o l o g i c framework of R o o s e v e l t Hot S p r i n g s 
was n o t w e l l known, howeve r . 
The p u r p o s e of t h e p r e s e n t i n v e s t i g a t i o n i s t o p r o v i d e a g e o ­
l o g i c map of R o o s e v e l t Hot S p r i n g s and a d j a c e n t a r e a s , h e r e i n r e f e r ­
r e d t o a s t h e R o o s e v e l t a r e a , and t o u s e t h e g e o l o g i c i n f o r m a t i o n t o 
draw i n f e r e n c e s a b o u t s u b s u r f a c e c o n d i t i o n s and t h e l i k e l i h o o d of a 
geo the rmal . r e s e r v o i r i n t h e R o o s e v e l t a r e a . 
T h i s r e p o r t d e s c r i b e s t h e r o c k s , o l d h o t s p r i n g s , o p a l depo 
i t s , and s t e a m w e l l of t h e R o o s e v e l t a r e a ; and examines t h e v o l c a n i c 
h i s t o r y , a l t e r a t i o n p a t t e r n s , s t r u c t u r e , and geomorphology of t h e 
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a r e a . A c a l c u l a t i o n of t h e s u b s u r f a c e t e m p e r a t u r e s i n d i c a t e d by t h e 
c h e m i s t r y of t h e h o t s p r i n g w a t e r i s a l s o i n c l u d e d . 
The d a t a of t h i s s t u d y we re g a i n e d from mapping and p e t r o l o g i c 
e x a m i n a t i o n of r o c k o u t c r o p s , i n s p e c t i o n of a e r i a l p h o t o g r a p h s , and 
a l i t e r a t u r e s e a r c h . Some i n f o r m a t i o n on p r e - e x i s t i n g d r i l l h o l e s 
i s i n c l u d e d i n t h i s r e p o r t , b u t no d r i l l i n g o r g e o p h y s i c a l s u r v e y s 
w e r e u n d e r t a k e n f o r t h i s s t u d y . 
L o c a t i o n and A c c e s s i b i l i t y 
A g r o u p of h o t s p r i n g s on t h e w e s t e r n f l a n k of t h e M i n e r a l Range 
was f i r s t d e s c r i b e d by Lee ( 1 9 0 8 ) , who m e n t i o n e d two names f o r t h e 
g r o u p : R o o s e v e l t Hot S p r i n g s and McKeans Hot S p r i n g s . The name 
R o o s e v e l t Hot S p r i n g s was p r e f e r r e d by Mundorff (1970) , and was f o l ­
lowed by Godwin and o t h e r s (1971) and P e t e r s e n ( 1 9 7 3 a ) . T h a t name 
i s a l s o i n c u r r e n t l o c a l u s a g e . 
I n t h i s r e p o r t , t h e name " R o o s e v e l t a r e a " i s u s e d f o r t h e a r e a 
l y i n g b e t w e e n t h e M i n e r a l Range on t h e e a s t and t h e E s c a l a n t e V a l l e y 
( a l s o known a s t h e M i l f o r d V a l l e y ) on t h e w e s t , and e x t e n d i n g f o r a 
few m i l e s n o r t h and s o u t h of t h e abandoned R o o s e v e l t Hot S p r i n g s R e ­
s o r t . The n o r t h e r n b o r d e r of t h e a r e a a p p r o x i m a t e l y c o i n c i d e s w i t h 
t h e n o r t h e r n e d g e s of s e c t i o n s 35 and 3 6 , T. 26 S . , R. 10 W., and of 
s e c t i o n s 3 1 , 3 2 , 3 3 , and 3 4 , T. 26 S . , R. 9 W. The w e s t e r n p a r t of 
t h e a r e a i s bounded by t h e w e s t e r n e d g e s of s e c t i o n s 1 5 , 2 2 , 2 7 , and 
3 4 , T. 27 S . , R. 10 W. The s o u t h e r n b o r d e r of t h e a r e a i s t h e s o u t h ­
e r n edge of T. 27 S . ; and t h e e a s t e r n b o r d e r i s i n s e c t i o n s 2 , 1 1 , 1 4 , 
2 3 , 2 7 , and 3 4 , T. 27 S . , R. 9 W. The t o t a l a r e a i s a b o u t 49 s q u a r e 
m i l e s . 
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The R o o s e v e l t a r e a i s i n Beaver C o u n t y , U t a h , a b o u t 160 a i r 
m i l e s s o u t h - s o u t h w e s t of S a l t Lake C i t y . The town of M i l f o r d i s 
t h r e e m i l e s s o u t h w e s t of t h e R o o s e v e l t a r e a , and t h e town of Beaver 
i s f o u r t e e n m i l e s t o t h e s o u t h e a s t , on t h e e a s t s i d e of t h e M i n e r a l 
Range ( s e e f i g u r e 1 ) . 
Utah S t a t e Highway 257 i s a b o u t two m i l e s from t h e R o o s e v e l t 
a r e a , p a r a l l e l i n g t h e w e s t s i d e of t h e M i n e r a l Range . Acces s i n t o 
t h e R o o s e v e l t a r e a i s p r o v i d e d by a g r a d e d g r a v e l r o a d t h a t c o n n e c t s 
w i t h Highway 257 . Ungraded j e e p t r a i l s e x t e n d i n t o most p a r t s of 
t h e R o o s e v e l t a r e a , and many a r e p a s s a b l e when d r y t o t w o - w h e e l -
d r i v e v e h i c l e s w i t h h i g h c l e a r a n c e . 
The main l i n e of t h e Union P a c i f i c R a i l r o a d l i e s b e t w e e n t h e 
R o o s e v e l t a r e a and Highway 2 5 7 . 
F i e l d and L a b o r a t o r y Methods 
F i e l d work i n t h e R o o s e v e l t a r e a was s t a r t e d i n S e p t e m b e r , 
1972 , b u t most of t h e work was done d u r i n g t h e summer of 1 9 7 3 . 
Because t o p o g r a p h i c maps of t h e R o o s e v e l t a r e a were i n c o m p l e t e , 
U. S. G e o l o g i c a l Survey a e r i a l p h o t o g r a p h s a t a s c a l e of 1 : 4 0 , 0 0 0 
were u sed a s a b a s e t o p l o t t h e g e o l o g y . S t e r e o p a i r s of t h e s e 
p h o t o s we re a l s o used i n l o c a t i n g t h e s m a l l - s c a l e f a u l t s and d i s ­
r u p t e d d r a i n a g e p a t t e r n s t h a t a r e d i s c u s s e d l a t e r i n t h i s r e p o r t . 
A p l a n e t a b l e map ( f i g . 2) a t t h e s c a l e of 1 i n c h = 600 f e e t 
was made f o r one p o r t i o n of t h e R o o s e v e l t a r e a . The map i n c l u d e s 
R o o s e v e l t Hot S p r i n g s R e s o r t on t h e n o r t h and t h e o p a l d e p o s i t s on 
t h e s o u t h . T h i s method of mapping was s e l e c t e d b e c a u s e t h e h o t 
s p r i n g v e n t s and o t h e r s m a l l f e a t u r e s c a n n o t be l o c a t e d w i t h 
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s u f f i c i e n t a c c u r a c y on t h e a e r i a l p h o t o g r a p h s , and b e c a u s e t h e s u r ­
veyed map p r o v i d e d h o r i z o n t a l c o n t r o l f o r t h e p h o t o g r a p h s . 
C o l o r e d s t e r e o a e r i a l p h o t o g r a p h s of t h e R o o s e v e l t a r e a were 
f u r n i s h e d by James L i n d s a y of L i n d s a y E a r t h E x p l o r a t i o n and R e s e a r c h 
Company, and w e r e used t o add d e t a i l s t o f i g u r e 2 . 
T o p o g r a p h i c maps a t t h e s c a l e of 1 : 2 4 , 0 0 0 f o r t h e R o o s e v e l t a r e a 
became a v a i l a b l e d u r i n g t h e summer of 1974 . P a r t s of t h e Ranch Can­
y o n , M i n e r s v i l l e 2 NE, B l a c k Rock 3 SW, and B l a c k Rock 3 SE maps we re 
used t o c o n s t r u c t a b a s e map of t h e e n t i r e R o o s e v e l t a r e a ; and t h e 
o u t c r o p s , n o r t h - t r e n d i n g f a u l t s i n t h e f o o t h i l l s of t h e M i n e r a l Range , 
and t h e s m a l l - s c a l e f a u l t s i n t h e a l l u v i u m were p l o t t e d on i t . T h i s 
map i s i n c l u d e d a s f i g u r e 3 . 
Geography 
Topography and D r a i n a g e . The R o o s e v e l t a r e a l i e s b e t w e e n t h e 
M i n e r a l Range and t h e E s c a l a n t e V a l l e y . Most of t h e a r e a i s u n d e r ­
l a i n by an a l l u v i a l f a n t h a t formed a s r o c k d e b r i s was shed from t h e 
M i n e r a l Range . The e l e v a t i o n of t h e f a n i s a b o u t 5040 f e e t a t t h e 
w e s t e r n m a r g i n of t h e R o o s e v e l t a r e a , and i s a b o u t 6000 f e e t a t t h e 
b a s e of t h e M i n e r a l Range f o o t h i l l s . The g r a d i e n t of t h e a l l u v i a l 
f an i s a b o u t 235 f e e t p e r m i l e i n t h e e a s t e r n o n e - t h i r d of t h e a r e a , 
b u t i s o n l y 140 f e e t p e r m i l e i n t h e r e m a i n d e r of t h e a r e a . 
The g e n e r a l t r e n d of t h e c e n t r a l p o r t i o n of t h e M i n e r a l Range 
i s n o r t h . Long , rugged r i d g e s p r o j e c t wes tward from t h e main body 
of t h e M i n e r a l Range; t h e w e s t e r n e x t r e m i t i e s of s e v e r a l of t h e s e 
r i d g e s a r e c o n t a i n e d w i t h i n t h e a r e a of t h i s r e p o r t and were r e f e r ­
r e d t o above a s f o o t h i l l s of t h e M i n e r a l Range . One r i d g e a t t a i n s 
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an e l e v a t i o n of 7150 f e e t w i t h i n t h e a r e a of t h i s r e p o r t . The max­
imum e l e v a t i o n of t h e M i n e r a l Range d i r e c t l y t o t h e e a s t of t h e 
R o o s e v e l t a r e a i s 9095 f e e t a t t h e c r e s t of B e a r s k i n M o u n t a i n . 
Negro Mag Wash i s t h e major d r a i n a g e i n t h e R o o s e v e l t a r e a . 
I t h a s c u t t h r o u g h t h e a l l u v i a l f a n i n a w e s t - n o r t h w e s t e r l y d i r e c ­
t i o n , and i n some p l a c e s t h e s t r e a m bed i s 100 f e e t be low t h e a d ­
j a c e n t a l l u v i a l f a n s u r f a c e . E l s e w h e r e i n t h e R o o s e v e l t a r e a , t h e 
d r a i n a g e c h a n n e l s a r e s h a l l o w , and t r e n d w e s t w a r d . 
A l l d r a i n a g e i n t h e R o o s e v e l t a r e a i s wes tward toward t h e Beaver 
R i v e r . T h e r e a r e no p e r e n n i a l s t r e a m s o r s p r i n g s i n t h e R o o s e v e l t 
a r e a ; and a l l d r i n k i n g w a t e r mus t b e c a r r i e d i n t o t h e a r e a . 
C l i m a t e and V e g e t a t i o n . The c l i m a t e of t h e R o o s e v e l t a r e a i s 
t e m p e r a t e and d r y . Wea the r r e c o r d s a t t h e n e a r b y M i l f o r d A i r p o r t 
show t h a t t h e mean a n n u a l t e m p e r a t u r e i s 4 9 . 2 d e g r e e s F a h r e n h e i t , and 
t h e mean a n n u a l p r e c i p i t a t i o n i s 8 .57 i n c h e s ( s e e T a b l e 1 ) . 
Sage b r u s h and s h o r t g r a s s e s c o v e r mos t of t h e R o o s e v e l t a r e a . 
T h e r e a r e j u n i p e r s i n t h e n o r t h e a s t e r n p a r t of t h e a r e a , and a few 
p i n e t r e e s on t h e f o o t h i l l s of t h e M i n e r a l Range . 
Land U t i l i z a t i o n and P o p u l a t i o n . I n r e c e n t y e a r s , t h e o p a l 
d e p o s i t s i n s e c . 16 , T. 27 S . , R. 9 W., have b e e n worked u n d e r a 
s t a t e m i n e r a l s l e a s e . P e r l i t e h a s b e e n mined i n s e c t i o n 1 of t h e same 
t o w n s h i p . Land u s e i n t h e r e s t of t h e a r e a i s r e s t r i c t e d t o g r a z i n g 
f o r c a t t l e and s h e e p d u r i n g p a r t s of t h e y e a r . 
The o p a l l e a s e h o l d e r camps n e a r t h e o p a l w o r k i n g s d u r i n g t h e 
summer m o n t h s , and s h e e p h e r d e r s , r a n c h e r s , h u n t e r s , and p r o s p e c t o r s 
 ti  f  t it i    f i  rt . l.! -
mum ti  f  ~t n   :i.rectly t  t  c t f  
e     t t  t f rs i  1'l 10  
r     ajor    sevelt 
  t   l l vial    s t l  irec-
i n ,  1n       t l   -
ac t i l  . er    se elt , 
 l   ,   
 
l ina    se elt   t r  r    
    i l       
;    t r st     
  t t .  i at  f  s elt  i
perat    t r     H  
t   l r t     it , 
  i it t       
   t    f  lt are .
     t       f
    t ill    i r l . e
ti ti n l .  t .l ,  
  .   • .      
 e  .         
nshi            gra i
        ye r.
n l:!r     t
erd r . ;] , , [l prospec t rs
T a b l e 1 . — P r e c i p i t a t i o n and a v e r a g e t e m p e r a t u r e of t h e M i l f o r d V a l l e y , 1966 -1972 . 
L o c a l C l i m a t o l o g i c a l D a t a : M i l f o r d , U t a h : U. S. D e p a r t m e n t of Commerce, 
NOAA E n v i r o n m e n t a l D a t a S e r v i c e , 1972 . 
T o t a l P r e c i p i t a t i o n 
Year J a n . F e b . Mar. Apr . May J u n e J u l y Aug. S e p t . O c t . Nov. Dec . Annua l 
1966 0 .57 0 . 8 8 0 . 4 2 0 . 5 9 0 . 2 8 0 . 1 1 0 . 1 5 0 . 4 0 0 . 2 5 0 .99 0 . 3 4 2 . 4 5 7 . 4 3 
1967 1.07 0 . 2 0 1.10 0 . 4 1 0 . 5 5 2 . 4 3 1.42 0 . 3 2 2 . 6 0 0 . 2 2 0 . 5 2 0 . 8 3 11 .67 
1968 0 . 1 7 0 . 8 7 1.08 1.33 0 . 4 6 0 . 1 5 0 , 9 7 0 . 9 8 0 . 1 2 0 . 9 3 0 . 2 7 0 . 8 3 8 .16 
1969 1.63 1.27 1.17 1.76 0 .27 1.22 1,36 0 . 6 4 0 . 4 4 0 . 9 0 0 . 6 3 0 . 3 4 1 1 . 6 3 
1970 0 . 2 3 0 . 3 5 0 . 8 6 1.09 0 . 0 8 0 . 2 8 1.38 0 . 7 6 1.33 0 . 2 7 0 . 7 4 0 . 4 5 7 . 8 2 
1971 0 . 2 5 1.30 0 . 3 1 0 . 9 1 1.06 0 . 1 5 0 . 4 8 1.59 0 . 4 9 2 .47 0 . 2 0 1.33 1 0 . 5 4 
1972 0 . 0 5 0 . 0 1 0 . 0 0 0 . 9 6 0 . 0 2 0 . 6 6 0 . 0 4 2 . 5 2 0 . 6 2 2 . 6 1 0 . 9 5 2 . 2 1 1 0 . 6 5 
Mean of 
Record 0 . 6 2 0 . 7 8 0 . 9 8 0 . 8 4 0 . 6 6 0 . 4 3 0 . 7 3 0 . 7 4 0 . 5 7 0 . 8 2 0 . 6 3 0 . 7 7 8 .57 
Average T e m p e r a t u r e 
Year J a n . F e b . Mar. Apr . May J u n e J u l y Aug. S e p t . O c t . Nov. Dec . Annua l 
1966 2 4 . 9 2 8 . 9 3 8 . 6 4 7 . 6 5 9 . 8 6 6 . 1 7 4 . 9 7 3 . 4 6 4 . 1 4 9 . 3 4 1 . 5 2 6 . 0 4 9 . 6 
1967 2 1 . 1 3 3 . 6 4 2 . 5 4 2 . 8 5 4 . 4 6 2 . 1 7 5 . 3 7 5 . 7 6 4 . 2 5 2 . 3 4 1 . 8 1 9 . 6 4 8 . 8 
1968 2 4 . 1 3 9 . 5 4 1 , 5 4 2 . 7 5 4 . 6 6 7 . 2 7 4 . 3 6 7 . 9 6 1 . 0 5 0 . 9 3 7 . 9 2 5 . 2 4 8 . 9 
1969 3 3 . 0 3 2 . 4 3 5 . 1 4 8 . 2 6 1 . 2 6 3 . 1 7 4 . 9 7 7 . 1 6 6 . 7 4 4 . 1 3 6 . 0 3 1 . 8 5 0 . 3 
1970 3 1 . 0 3 7 . 8 3 7 . 0 4 1 . 7 5 7 . 1 6 6 . 1 7 5 . 1 7 5 . 9 5 9 . 2 4 6 . 0 4 0 . 0 3 0 . 1 4 9 . 7 
1971 2 9 . 8 3 0 . 4 3 8 . 4 4 6 . 7 5 2 . 9 6 6 . 1 7 5 . 7 7 4 . 2 5 8 . 7 4 5 . 0 3 4 . 8 2 5 . 1 4 8 . 2 
1972 2 9 . 1 3 5 . 7 4 4 . 3 4 7 . 6 5 6 . 7 6 8 . 2 7 5 . 7 7 0 . 5 6 1 . 0 4 9 . 6 3 4 . 9 1 5 . 8 4 9 . 1 
Mean of 
Record 2 5 . 6 3 2 . 1 3 9 . 4 4 7 . 7 5 6 . 6 6 5 . 6 7 4 . 4 7 2 . 2 6 2 . 3 5 0 . 1 3 7 . 1 2 7 . 7 4 9 . 2 
l  l.--Pr i   . !    i  , 966-
 t l i l  i ,  u.    
 l  r  72
l Pr ciE t io
  r . E H  ~lz: E  . 
   4   . 2   1       7.4
0          2    .
1   0  3  1  .  6    8  8 .
   27   76   .  . 6      11.  
     2     . 2    7.
   9  1  . 4     . 2   10 .
 .  9         2 1 .
Hea  
  7        5    7  8.5
s  TemEeratur
   E  ll E .    
             
            6  
  .  ',           
             
            
            
             
 
       ·~         
8 
o c c a s i o n a l l y v i s i t t h e R o o s e v e l t a r e a , b u t t h e r e a r e no p e r m a n e n t 
r e s i d e n t s . 
P r e v i o u s I n v e s t i g a t i o n s 
The g e o l o g y of t h e M i n e r a l Range was f i r s t d i s c u s s e d by W. T. 
Lee ( 1 9 0 8 ) . H i s p a p e r a l s o i n c l u d e s a d e s c r i p t i o n of R o o s e v e l t Hot 
S p r i n g s and an a n a l y s i s of t h e s p r i n g w a t e r . 
B u t l e r and o t h e r s (1920) d e s c r i b e d m i n i n g d i s t r i c t s i n t h e 
M i n e r a l Range . Crawford and Buranek ( 1 9 4 3 , 1945) s t u d i e d t u n g s t e n 
d e p o s i t s of t h e s o u t h e r n and e a s t e r n s i d e s of t h e r a n g e . 
Two t h e s e s d e a l i n g w i t h t h e M i n e r a l Range we re c o m p l e t e d a t 
t h e U n i v e r s i t y of U tah i n 1957 . L i e s e (1957) mapped t h e n o r t h e r n 
M i n e r a l Range , i n c l u d i n g t h e n o r t h e a s t e r n p a r t of t h e R o o s e v e l t 
a r e a ; and E a r 1 1 (1957) mapped t h e r e s t of t h e M i n e r a l Range , which 
he c a l l e d t h e c e n t r a l M i n e r a l Range . E a r l l ' s map i n c l u d e d t h e 
s o u t h e a s t e r n p a r t of t h e R o o s e v e l t a r e a . Both of t h e s e i n v e s t i g a ­
t i o n s d e a l t w i t h t h e g e n e r a l g e o l o g y of t h e M i n e r a l Range , and 
d e v o t e d v e r y l i t t l e a t t e n t i o n t o t h e R o o s e v e l t a r e a . I n t h e c o u r s e 
of t h e p r e s e n t s t u d y , t h e g e o l o g i c maps of L i e s e and E a r l l were 
checked i n t h o s e p o r t i o n s of t h e M i n e r a l Range t h a t a r e i n c l u d e d i n 
t h e R o o s e v e l t a r e a . I n g e n e r a l , t h e l o c a t i o n s of t h e g r a n i t e and t h e 
me tamorph ic r o c k s a r e c o r r e c t l y mapped. However , n e i t h e r L i e s e n o r 
E a r l l c o r r e c t l y i d e n t i f i e d t h e h o t s p r i n g d e p o s i t s of t h e R o o s e v e l t 
a r e a . N e i t h e r a u t h o r m e n t i o n s t h e f a u l t t h a t o f f s e t s t h e h o t s p r i n g 
d e p o s i t s , o r t h e s m a l l e r f a u l t s i n t h e a l l u v i a l f a n . One o b j e c t of 
t h e p r e s e n t s t u d y was t o a m p l i f y t h e p r e v i o u s g e o l o g i c mapping of t h e 
R o o s e v e l t a r e a . 
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dep sits , or the s aller fa lts in the a lluvi.a l fan . ne object of 
the present study as to a p lif  the previous geologic apping of the 
ose lt a r a . 
CondJe (1960) s t u d i e d t h e M i n e r a l Range p l u t o n i n o r d e r t o 
d e t e r m i n e i t s o r i g i n , and c o n c l u d e d t h a t ( 1 9 6 0 , p . 79) t h e M i n e r a l 
Range p l u t o n and i t s a p o p h y s e s were p r o b a b l y formed by t h e p r o c e s s 
of g r a n i t i z a t i o n . 
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The b e d r o c k of t h e e a s t e r n p a r t of t h e R o o s e v e l t a r e a c o n s i s t s 
o f m e t a m o r p h i c b i o t i t e g n e i s s , s c h i s t , and p h y l l i t e of P r e c a m b r i a n ( ? ) 
a g e , i n t r u s i v e g r a n i t e and l a m p r o p h y r i c d i k e s of l a t e T e r t i a r y a g e , 
and two e x t r u s i v e g l a s s y s i l i c i c f l o w s of p r o b a b l e P l i o c e n e - P l e i s t o ­
c e n e a g e . Bedrock i s n o t exposed i n t h e c e n t r a l and w e s t e r n p a r t s 
o f t h e a r e a . U n c o n s o l i d a t e d d e p o s i t s , p r i n c i p a l l y a l l u v i u m of T e r ­
t i a r y and Q u a t e r n a r y a g e , c o v e r mos t of t h e R o o s e v e l t a r e a . 
I n a d d i t i o n , t h e r e a r e e x p o s u r e s of o p a l and s i l i c e o u s s i n t e r 
t h a t w e r e d e p o s i t e d by h o t s p r i n g s , and t h r e e r o c k u n i t s t h a t c o n s i s t 
of s i l i c a - c e m e n t e d a l l u v i u m . T h e s e d e p o s i t s a r e d i s c u s s e d i n t h e 
s e c t i o n on h o t s p r i n g s , h o t - s p r i n g d e p o s i t s , and w e l l s . 
The M i n e r a l Range i s a f a u l t - b l o c k m o u n t a i n r a n g e . I n t h e 
R o o s e v e l t a r e a , n o r t h - and n o r t h e a s t - t r e n d i n g f a u l t s a r e p r e s e n t 
w i t h i n t h e a l l u v i a l f a n . H o t - s p r i n g a c t i v i t y o c c u r r e d a l o n g and 
n e a r one of t h e s e f a u l t s , t h e Dome F a u l t . An e a s t - t r e n d i n g f a u l t 
may be p r e s e n t b e n e a t h Negro Mag Wash. 
S t r a t i g r a p h y 
Metamorph ic Rocks 
D i s t r i b u t i o n 
A zone of P r e c a m b r i a n ( ? ) m e t a m o r p h i c r o c k s was mapped i n t h e 
f o o t h i l l s of t h e M i n e r a l Range, by L i e s e (1957) and E a r l l ( 1 9 5 7 ) . 
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A d d i t i o n a l s m a l l o u t c r o p s of m e t a m o r p h i c r o c k s , which a r e u n d o u b t e d l y 
p a r t of t h e same, u n i t , we re mapped i n s e c t i o n s 9 and 3 , T. 27 S . , 
R. 9 W., and i n s e c t i o n 3 4 , T. 26 S . , R. 9 W. d u r i n g t h e p r e s e n t 
i n v e s t i g a t i o n ( s e e f i g u r e 3 f o r l o c a t i o n s ) . 
Cond ie ( 1 9 6 0 , p . 26) p r o p o s e d t h a t t h e m e t a m o r p h i c r o c k s be 
named t h e W i l d h o r s e Canyon S e r i e s . 
L i t h o l o g y 
E a r l l ( 1 9 5 7 , p . 9) s t a t e s t h a t m e t a m o r p h i c r o c k s o c c u r i n a 
zone from Negro Mag Wash ( c a l l e d Hot S p r i n g s Canyon by him) s o u t h t o 
Ranch Canyon. B i o t i t e g n e i s s makes up mos t of t h e exposed me tamor ­
p h i c r o c k s , b u t s c h i s t s and p h y l l i t e s a r e a l s o found i n t h e a r e a . 
The c o m p o s i t i o n of t h e g n e i s s i s : b i o t i t e , 50 p e r c e n t ; q u a r t z , 40 
p e r c e n t ; o r t h o c l a s e , 8 p e r c e n t ; m a g n e t i t e , 2 p e r c e n t ; and minor 
m u s c o v i t e and z i r c o n ( E a r l l , 1957 , p . 9 ) . 
L i e s e (1957) mapped a zone of b a s i c r o c k s n o r t h of Negro Mag 
Wash. He s u g g e s t s ( 1 9 5 7 , p . 65) t h a t t h e zone may be composed of 
m e t a m o r p h i c r o c k s t h a t w e r e p a r t i a l l y a s s i m i l a t e d by t h e g r a n i t i c 
magma and t h a t may have b e e n p a r t i a l l y g r a n i t i z e d i n p l a c e . The 
zone i s m a i n l y composed of d a r k , f e r r o m a g n e s i u m - r i c h c o n s t i t u e n t s , 
and t h e r e i s a d i s t i n c t b u t n a r r o w (up t o 50 f e e t ) t r a n s i t i o n a l 
c o n t a c t w i t h t h e g r a n i t e ( L i e s e , 1957, p . 6 1 ) . Rocks of t h e b a s i c 
zone do n o t show me tamorph i c s t r u c t u r e s . 
V a r i a t i o n s of c o m p o s i t i o n w i t h i n t h e b a s i c zone w e r e d e s c r i b e d 
by L i e s e ( 1 9 5 7 , p . 64 -65 ) i n t e r m s of t h e e q u i v a l e n t i g n e o u s r o c k s . 
L i e s e g i v e s p e t r o g r a p h i c d e s c r i p t i o n s of s a m p l e s h a v i n g d i o r i t i c , 
g r a n o d i o r i t i c , and q u a r t z m o n z o n i t i c c o m p o s i t i o n . 
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The o u t c r o p s of P r e c a m b r i a n ( ? ) r o c k s i n s e c t i o n s 3 and 9 show 
me tamorph i c s t r u c t u r e s , b u t t h e s t r u c t u r e s a r e n o t a s w e l l d e v e l o p e d 
a s i n t h e b i o t i t e g n e i s s zone mapped by E a r l l . B i o t i t e g n e i s s i s 
t h e p r e d o m i n a n t r o c k t y p e i n t h e s e o u t c r o p s . F r e s h r o c k h a s d a r k 
brown and w h i t e b a n d s , which a r e a b o u t o n e - q u a r t e r i n c h w i d e ; w e a t h ­
e r e d r o c k i s d a r k g r a y o r b rown. S o i l p r o d u c e d from t h e m e t a m o r p h i c 
r o c k i s r e d d i s h - b r o w n . 
I n hand s p e c i m e n , t h e g n e i s s i s s e e n t o b e composed a l m o s t e n ­
t i r e l y of b i o t i t e and q u a r t z . L i m i t e d e x a m i n a t i o n of m i n e r a l f r a g ­
men t s i n o i l immers ion shows t h a t t h e b i o t i t e g r a i n s a r e r e l a t i v e l y 
u n a l t e r e d . 
C o n t a c t R e l a t i o n s 
Both L i e s e and E a r l l e m p h a s i z e t h a t t h e m e t a m o r p h i c r o c k s i n 
t h e M i n e r a l Range a r e i n g r a d a t i o n a l c o n t a c t w i t h t h e g r a n i t e . 
E a r l l ( 1 9 5 7 , p . 9) s t a t e s t h a t t h e c o n t a c t z o n e , wh ich r a n g e s up t o 
o n e - q u a r t e r m i l e i n w i d t h , c o n t a i n s numerous b l o c k s of g n e i s s t h a t 
have b e e n s e p a r a t e d from t h e main mass by t h e i n t r u d i n g g r a n i t e ; and 
s m a l l e r i n c l u s i o n s of t h e m e t a m o r p h i c r o c k . i n t h e g r a n i t e a r e common. 
Both L i e s e and E a r l l n o t e t h a t t h e g r a n i t e becomes r i c h e r i n b i o t i t e 
n e a r t h e c o n t a c t z o n e , and b o t h a u t h o r s s u g g e s t t h a t t h e g r a n i t e 
a s s i m i l a t e d some of t h e m e t a m o r p h i c r o c k s . 
The w e s t e r n c o n t a c t s of t h e m e t a m o r p h i c r o c k s of t h e f o o t h i l l s 
a r e c o v e r e d by a l l u v i u m . ' 
C o n t a c t r e l a t i o n s of t h e m e t a m o r p h i c r o c k s i n s e c t i o n s 9 , 3 , 
and 34 w i t h o t h e r b e d r o c k i n t h e a r e a a r e h i d d e n by a l l u v i u m . 
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Age 
The g n e i s s e s and s c h i s t s of t h e M i n e r a l Range we re a s s i g n e d 
a P r e c a m b r i a n ( ? ) age by E a r l l ( 1 9 5 7 ) . T h i s a s s i g n m e n t i s p r i n c i ­
p a l l y b a s e d on t h e m e t a m o r p h i c g r a d e of t h e r o c k s . 
I g n e o u s Rocks 
I n t r u s i v e i g n e o u s r o c k s of t h e R o o s e v e l t a r e a i n c l u d e g r a n i t e 
and a few l a m p r o p h y r i c d i k e s . E x t r u s i v e i g n e o u s r o c k s i n c l u d e two 
s i l i c i c f low u n i t s . 
I n t r u s i v e Rocks 
G r a n i t e 
Only a s m a l l p a r t of t h e M i n e r a l Range p l u t o n i s i n c l u d e d w i t h ­
i n t h e a r e a of t h i s r e p o r t . To t h e e a s t , n o r t h , and s o u t h of t h e 
R o o s e v e l t a r e a , a b o u t 54 s q u a r e m i l e s of g r a n i t e c r o p s o u t w i t h i n t h e 
main body of t h e M i n e r a l Range ( E a r l l , 1957 , p . 4 7 ) . Most i n s e l -
b e r g e on t h e f l a n k s of t h e M i n e r a l Range a r e composed of g r a n i t e , and 
i f t h e a l l u v i u m were n o t p r e s e n t , t h e t o t a l s u r f a c e a r e a of t h e 
p l u t o n m i g h t be a s g r e a t a s 100 s q u a r e m i l e s ( E a r l l , 1957 , p . 4 7 ) . 
F o o t h i l l s of t h e M i n e r a l Range w i t h i n t h e R o o s e v e l t a r e a a r e 
m o s t l y g r a n i t e , and t h i s r o c k t y p e makes up more t h a n h a l f of t h e 
c o n s o l i d a t e d r o c k s c r o p p i n g o u t w i t h i n t h e R o o s e v e l t a r e a . 
L i t h o l o g y . L i e s e (1957) and E a r l l (1957) b o t h d e s c r i b e t h e c e n ­
t r a l p o r t i o n of t h e M i n e r a l Range p l u t o n a s a c o a r s e - g r a i n e d , e q u i -
g r a n u l a r w h i t e g r a n i t e . E a r l l ( 1 9 5 7 , p . 48) r e p o r t s t h a t q u a r t z 
v a r i e s from 10 t o 25 p e r c e n t ; o r t h o c l a s e , 70 t o 80 p e r c e n t ; 
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p l a g i o c l a s e ( v a r i e t y o l i g o c l a s e ) , 3 t o 5 p e r c e n t ; b i o t i t e , l e s s t h a n 
one p e r c e n t . A c c o r d i n g t o t h e new i n t e r n a t i o n a l c l a s s i f i c a t i o n of 
p l u t o n i c r o c k s ( S t r e c k e i s e n , 1 9 7 3 , p . 2 6 ) , r o c k s w i t h t h i s r a n g e of 
c o m p o s i t i o n p l o t i n t h e f i e l d of a l k a l a i - f e l d s p a r g r a n i t e o r t h e f i e l d 
of a l k a l a i - f e l d s p a r q u a r t z s y e n i t e . The m i c r o s c o p i c t e x t u r e of t h e 
r o c k s i s h y p a u t o m o r p h i c g r a n u l a r . L i e s e ( 1 9 5 7 , f i g . 4 , i n p o c k e t ) 
g i v e s a s k e t c h of a t y p i c a l t h i n s e c t i o n of t h e g r a n i t e . 
The g r a n i t e of t h e R o o s e v e l t a r e a g e n e r a l l y c o n t a i n s more m a f i c 
m i n e r a l s t h a n t h e g r a n i t e i n t h e c e n t r a l p o r t i o n of t h e p l u t o n . For 
e x a m p l e , l i m i t e d e x a m i n a t i o n u s i n g o i l i m m e r s i o n s shows t h a t a hand 
spec imen of g r a n i t e from t h e n o r t h e a s t q u a r t e r of s e c t i o n 3 c o n t a i n s 
a b o u t 45 p e r c e n t p o t a s s i u m f e l d s p a r , 35 p e r c e n t q u a r t z , 15 p e r c e n t 
c h l o r i t e a f t e r b i o t i t e , and 5 p e r c e n t a c c e s s o r i e s , i n c l u d i n g opaque 
g r a i n s , a p a t i t e , and s p h e n e . The r o c k i s m e d i u m - g r a i n e d , h a s a 
s a l t - a n d - p e p p e r c o l o r a t i o n , and w e a t h e r s t o medium brown. T h i s o u t ­
c r o p h a s a r o u n d e d , b l o c k y a p p e a r a n c e t h a t i s t y p i c a l of mos t of t h e 
g r a n i t e i n t h e R o o s e v e l t a r e a . 
However , some g r a n i t e s i n t h e R o o s e v e l t a r e a show a n o t h e r s t y l e 
of o u t c r o p : t h e y a p p e a r t o be d i k e s t h a t h a v e i n t r u d e d i n t o g r a n i t e 
o r m e t a m o r p h i c r o c k s . An e x c e l l e n t example of a g r a n i t e d i k e o c c u r s 
i n t h e s o u t h e a s t q u a r t e r of s e c t i o n 3 . The g r a n i t e i s a t w e n t y - f i v e 
f o o t t h i c k t a b u l a r body t h a t s t r i k e s N7°E and d i p s 20°E. F r e s h r o c k 
i s l i g h t g r a y and m e d i u m - g r a i n e d ; w e a t h e r e d r o c k i s medium brown o r 
d a r k brown. A hand spec imen c o n t a i n s a b o u t 40 p e r c e n t p o t a s s i u m 
f e l d s p a r , 35 p e r c e n t q u a r t z , 20 p e r c e n t c h l o r i t e a f t e r b i o t i t e , and 
5 p e r c e n t a c c e s s o r i e s , i n c l u d i n g m a g n e t i t e , s p h e n e , and a p a t i t e . 
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Age. Two r a d i o m e t r i c age d e t e r m i n a t i o n s have b e e n made on t h e 
M i n e r a l Range p l u t o n . Arms t rong ( 1 9 7 0 , p . 216-217) d a t e d b i o t i t e 
from g r a n i t e on t h e w e s t s i d e of t h e p l u t o n a s 9 . 2 ± 0 . 3 m i l l i o n y e a r s 
o l d . P a r k ( 1 9 6 8 , p . 74) o b t a i n e d 1 5 . 5 ± 1.5 m i l l i o n y e a r s f o r f i n e ­
g r a i n e d g r a n i t i c d i k e m a t e r i a l from t h e s o u t h e a s t s i d e of t h e r a n g e . 
I f t h e age d e t e r m i n a t i o n s of P a r k and Arms t rong a r e c o r r e c t , p a r t s 
of t h e p l u t o n r a n g e i n age from l a t e Miocene t o e a r l y P l i o c e n e . 
F i e l d r e l a t i o n s show t h a t t h e p l u t o n i s y o u n g e r t h a n J u r a s s i c 
b u t o l d e r t h a n t h e s i l i c i c v o l c a n i c r o c k s ; b e c a u s e t h e y o u n g e s t r o c k s 
i n t r u d e d by t h e p l u t o n a r e J u r a s s i c l i m e s t o n e s of t h e Carmel fo rma­
t i o n , and t h e s i l i c i c v o l c a n i c r o c k s o v e r l i e t h e p l u t o n . 
E x t r u s i v e Rocks 
S i l i c i c v o l c a n i c r o c k s cap t h e M i n e r a l Range t o t h e e a s t of 
t h e R o o s e v e l t a r e a , and some of t h e f l o w s e x t e n d i n t o t h e a r e a of 
t h i s r e p o r t . The v o l c a n i c r o c k s we re d i s c u s s e d v e r y b r i e f l y by 
L i e s e (1957) and E a r l l ( 1 9 5 7 ) . T h e i r work was m e n t i o n e d by Condie 
( 1 9 6 0 , p . 2 4 - 2 5 ) , who p r o p o s e d t h e name "Ranch Canyon V o l c a n i c s " f o r 
t h e g r o u p . 
The p r e s e n t i n v e s t i g a t i o n t r e a t s t h e p r e v i o u s l y mapped v o l c a n i c 
r o c k s v e r y b r i e f l y b e c a u s e i t was f e l t t h a t a d e t a i l e d s t u d y of t h e 
s m a l l e x p o s u r e s t h a t a r e i n c l u d e d i n t h e R o o s e v e l t a r e a would n o t 
be m e a n i n g f u l . A c a r e f u l s t u d y of t h e p e t r o l o g y and f i e l d r e l a t i o n s 
of t h e Ranch Canyon V o l c a n i c s would p r o b a b l y g i v e good i n f o r m a t i o n 
on t h e h i s t o r y of t h e M i n e r a l Range ; b u t i n s u f f i c i e n t t i m e and t h e 
l a c k of s u i t a b l e b a s e maps p r e c l u d e d such a s t u d y d u r i n g t h e p r e s e n t 
. i n v e s t i g a t i o n . 
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S i l i c i c . Flow Rocks 
Two s i l i c i c f low u n i t s a r e i n c l u d e d i n t h e a r e a of t h i s r e p o r t ; 
one i n Negro Mag Wash and one i n W i l d h o r s e Canyon. 
Negro Mag Wash U n i t . T h i s u n i t h a s a t o t a l t h i c k n e s s of a b o u t 
200 f e e t . Two l a y e r s of d e n s e , we lded b l a c k g l a s s a r e exposed on t h e 
n o r t h s i d e of t h e u n i t , and may i n d i c a t e t h a t t h e u n i t i s composed of 
two f l o w s . Rock from t h e t o p of t h e u n i t i s l i g h t g r a y t o w h i t e i n 
c o l o r and i s v e r y p o r o u s ; i t was p r o b a b l y emplaced a s a pumice f l o w . 
T h i s r o c k h a s b e e n mined a s p e r l i t e . 
The f l ows may be a s o l d a s L a t e P l i o c e n e b e c a u s e t h e u n i t shows 
some d i s s e c t i o n . I t i s n o t known w h e t h e r t h i s u n i t i s c o n t e m p o r a ­
n e o u s w i t h t h e W i l d h o r s e Canyon U n i t . 
W i l d h o r s e Canyon U n i t . The W i l d h o r s e Canyon U n i t i s a b o u t 400 
f e e t t h i c k a t i t s l ower end . I t i s p r o b a b l y composed of two f l o w s , 
w i t h t h e b a s e of each f low b e i n g a l a y e r of o b s i d i a n , and t h e u p p e r 
p a r t of e ach f low b e i n g a t a n t o g r a y g l a s s y r o c k . 
The age of t h i s u n i t i s t h o u g h t t o be P l i o c e n e b e c a u s e one s t r e a m 
c h a n n e l i s c u t 50 f e e t down i n t o t h e f low u n i t , and an i n t e g r a t e d 
d r a i n a g e h a s d e v e l o p e d on t h e s o u t h s i d e of t h e u n i t , and a l s o b e ­
c a u s e a r e d d i s h - b r o w n s o i l h a s d e v e l o p e d on t h e o b s i d i a n a t t h e f r o n t 
of t h e f l o w . 
The r e m n a n t s of an a s h d e p o s i t a r e found i n t h e f a u l t ( ? ) v a l l e y 
on t h e n o r t h s i d e of t h e f low i n s e c t i o n 2 3 . The d e p o s i t i s a b o u t 
f o r t y f e e t t h i c k where i t h a s b e e n exposed i n a p r o s p e c t p i t . The 
a s h i s w h i t e and i s e x c e e d i n g l y f i n e g r a i n e d ( s i l t s i z e d ) ; t h e o n l y 
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l a r g e r p a r t i c l e s c o n t a i n e d i n t h e d e p o s i t a r e a few pumice p e b b l e s . 
No f r a g m e n t s of g r a n i t e o r m e t a m o r p h i c r o c k w e r e o b s e r v e d i n t h e 
d e p o s i t . The a s h shows s t r a t i f i c a t i o n , w i t h w h i t e l a y e r s one i n c h 
t o two f e e t t h i c k b e i n g s e p a r a t e d by v e r y t h i n l a y e r s of l i g h t g r a y 
a s h . No c h a n n e l - f i l l i n g , c r o s s b e d d i n g , r i p p l e m a r k s , o r o t h e r i n ­
d i c i a of d e p o s i t i o n by moving w a t e r we re o b s e r v e d . 
From t h i s e v i d e n c e , i t i s s u g g e s t e d t h a t t h e f a u l t ( ? ) v a l l e y 
had b e e n dammed by e x t r u s i o n of t h e s i l i c i c f l o w s , and t h a t t h e a s h 
f e l l from t h e a i r i n t o a s m a l l l a k e . 
U n c o n s o l i d a t e d D e p o s i t s 
Most of t h e R o o s e v e l t a r e a i s c o v e r e d w i t h a l l u v i u m t h a t was 
e r o d e d from t h e g r a n i t e and s i l i c i c f l o w s . I n t h e w e s t e r n p a r t of 
t h e a r e a a r e t h r e e l a r g e V- shaped embankments t h a t w e r e p r o b a b l y d e ­
p o s i t e d by waves and c u r r e n t s i n a n c i e n t Lake B o n n e v i l l e . 
A l l u v i u m 
T h i c k a l l u v i a l f a n d e p o s i t s b l a n k e t n e a r l y a l l t h e R o o s e v e l t 
a r e a . Most of t h e a l l u v i u m c o n s i s t s of f r a g m e n t s d e r i v e d from t h e 
g r a n i t e . The f r a g m e n t s a r e u s u a l l y l e s s t h a n o n e - q u a r t e r i n c h l o n g 
and a r e composed p r i n c i p a l l y of q u a r t z and p o t a s s i u m f e l d s p a r , w i t h 
a c c e s s o r y m a g n e t i t e . C o b b l e s of v o l c a n i c r o c k s i n t h e a l l u v i a l f an 
a r e a s l a r g e a s f o u r i n c h e s i n t h e l o n g e s t d i m e n s i o n , and a r e found 
b o t h n o r t h and s o u t h of Negro Mag Wash. M a t e r i a l d e r i v e d from t h e 
v o l c a n i c r o c k s makes up l e s s t h a n o n e - q u a r t e r of t h e t o t a l volume of 
t h e a l l u v i u m . 
r rti l s t i   t  sit c   i e 
e ts f it  r t orphic o k r  r e    
sit.   h  r tification , it  it  r    
  t i  i  r t ed  r   ers f t  
. nel-filli ,  i , l  r ,  r i -
i  f siti   i  t r " ..  
  ,   t  t  lt(   
    t i  f   ,  t  
      ll l
soli at  
 
s f  sevelt    it   t 
         t  rt  
     y-  ts t  l  -
i     t   t  
 
 l  it  t    
 os       t    t
  ts  l    -   l
  ll     . 
 ti         fa
c        t .  c f
      to/ash t i    t
    rt r     
 alluviu
18 
About f o r t y f e e t of a l l u v i u m o v e r l i e s t h e me tamorph ic r o c k s 
i n Negro Mag Wash, and a b o u t t h e same t h i c k n e s s of a l l u v i u m i s 
exposed i n t h e w a l l s of Ranch Canyon. No p e d i m e n t s u r f a c e i s v i s i b l e . 
Age of t h e A l l u v i a l Fan . The a l l u v i a l d e p o s i t s have b e e n c a l l e d 
Q u a t e r n a r y by L i e s e (1957) and E a r l l ( 1 9 5 7 ) . However , one p a r t of t h e 
f a n may be o l d e r . 
A r o a d c u t i n t h e s o u t h e a s t q u a r t e r of s e c t i o n 9 shows a number 
of v e r y d e e p l y w e a t h e r e d b o u l d e r s , wh ich a r e composed of m e t a m o r p h i c 
and g r a n i t i c r o c k s . The b o u l d e r s a r e a s l a r g e a s t h r e e f e e t i n d i a ­
m e t e r and most a r e r o u n d e d . The r o a d c u t i s on t h e m a r g i n of a me t ­
amorph ic o u t c r o p , and t h e b o u l d e r s p r o b a b l y we re n o t t r a n s p o r t e d f a r 
from t h e i r p l a c e of o r i g i n . 
The b o u l d e r s exposed i n t h e r o a d c u t a r e e a s i l y f r i a b l e . Two 
e x p l a n a t i o n s can be p r o p o s e d t o a c c o u n t f o r t h i s f a c t : (1) t h e 
b o u l d e r s have been exposed t o p e r c o l a t i n g c o o l g round w a t e r t h a t 
c aused w e a t h e r i n g _in s i t u , o r (2) h o t w a t e r s r i s i n g a l o n g t h e f a u l t 
a t t a c k e d t h e r o c k s and c a u s e d deep c o r r o s i o n of t h e b o u l d e r s . L i t t l e 
c h l o r i t e o r e p i d o t e was o b s e r v e d i n t h e d e e p l y w e a t h e r e d b o u l d e r s , so 
t h e f i r s t e x p l a n a t i o n i s c o n s i d e r e d more l i k e l y ; and t h e d e e p l y 
w e a t h e r e d b o u l d e r s may be o l d e r t h a n Q u a t e r n a r y . 
V-cmbankments 
The w e s t e r n p a r t of t h e R o o s e v e l t a r e a c o n t a i n s t h r e e l a r g e t r i ­
a n g u l a r d e p o s i t s , wh ich a r e V-embankments of t h e t y p e f i r s t d e s c r i b e d 
by G. K. G i l b e r t ( 1 8 9 0 , p . 5 7 - 5 9 ) . The l o c a t i o n s of t h e s e d e p o s i t s 
a r e shown on f i g u r e 3 . The embankments a r e composed of g r a v e l , 
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p e b b l e s , and c o b b l e s t h a t were d e r i v e d from t h e g r a n i t e and t h e 
s i l i c i c v o l c a n i c r o c k s . 
The l a r g e s t of t h e t h r e e V-embankments of t h e R o o s e v e l t a r e a 
i s i n s e c t i o n 2 7 , T. 27 S . , R. 10 W. The l e n g t h of t h e " b a s e l i n e " , 
measu red b e t w e e n t h e p l a c e s where t h e s i d e s of t h e V-embankment 
a d j o i n t h e a l l u v i a l f a n , i s a b o u t 3600 f e e t ; and t h e d i s t a n c e from 
t h e p o i n t of t h e V-embankment t o t h e " b a s e l i n e " i s a b o u t 2000 f e e t . 
The p o i n t i s 50 f e e t h i g h e r t h a n t h e s u r r o u n d i n g v a l l e y f l o o r . The 
o t h e r two V-embankments a r e s l i g h t l y s m a l l e r . 
Two more V-embankments a r e l o c a t e d j u s t n o r t h of t h e edge of 
t h e R o o s e v e l t a r e a . A l l of t h e V-embankments a r e w e l l p r e s e r v e d . 
G i l b e r t ( 1 8 9 0 , p . 58) s u g g e s t s t h a t t h e V-embankments w e r e 
formed i n t h e f o l l o w i n g manne r : C u r r e n t s and waves formed t r i a n g u ­
l a r t e r r a c e s . Then t h e l a k e i n c r e a s e d i n s i z e , so t h a t t h e t r i a n g u ­
l a r t e r r a c e s we re immersed b e n e a t h a few f e e t of w a t e r ; t h e n a d d i t i o n s 
w e r e made t o t h e t e r r a c e s by t h e b u i l d i n g of l i n e a r embankments a t 
t h e i r o u t e r m a r g i n s . 
The V-embankments of t h e R o o s e v e l t a r e a and t h o s e j u s t o u t s i d e 
t h e R o o s e v e l t a r e a we re formed a t d i f f e r e n t s t a g e s of Lake B o n n e v i l l e , 
b e c a u s e t h e y a r e a t d i f f e r e n t e l e v a t i o n s . One of t h e V-embankments 
o u t s i d e t h e R o o s e v e l t a r e a o v e r l a p s a n o t h e r V-embankment . The a e r i a l 
p h o t o g r a p h s do n o t show any e v i d e n c e t h a t t h e s m a l l - s c a l e f a u l t s 
( d i s c u s s e d be low) h a v e o f f s e t t h e V-embankments o r c a u s e d t h e d i f ­
f e r e n c e s i n e l e v a t i o n among them. 
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S t r u c t u r e 
F a u l t s 
B a s i n and Range F a u l t s 
The M i n e r a l Range i s c l a s s i f i e d a s a f a u l t - b l o c k m o u n t a i n r a n g e , 
s i m i l a r t o many r a n g e s i n t h e B a s i n and Range p r o v i n c e . I t i s f l a n ­
ked on t h e e a s t by Beave r V a l l e y , and on t h e w e s t by t h e E s c a l a n t e 
V a l l e y , a l s o known a s t h e M i l f o r d V a l l e y . A c c o r d i n g t o Cook and 
Mudge t t ( 1 9 6 6 , p . 6 2 ) , t h e e a s t e r n s i d e of t h e M i l f o r d V a l l e y g r a b e n 
n e a r t h e M i n e r a l Range c o n t a i n s a maximum of a b o u t 5 , 5 0 0 f e e t of 
v a l l e y f i l l . 
A B a s i n and Range f a u l t o r f a u l t zone may e x t e n d i n a n o r t h -
s o u t h d i r e c t i o n t h r o u g h t h e c e n t e r of t h e R o o s e v e l t a r e a . Sma l l 
s c a l e n o r t h - and n o r t h e a s t - t r e n d i n g o f f s e t s i n t h e a l l u v i u m , which 
a r e d i s c u s s e d b e l o w , may be t h e s u r f a c e e x p r e s s i o n of such a B a s i n 
and Range f a u l t . 
N o r t h - s o u t h F a u l t s 
A n o r t h - t r e n d i n g f a u l t i s shown on f i g u r e 3 i n s e c t i o n s 1 1 , 14 , 
and 2 3 , T. 27 S . , R. 9 W. The f a u l t i s i n f e r r e d from an a l i g n m e n t 
of v a l l e y s t h a t c r o s s o r n e a r l y c r o s s t h e f o o t h i l l s of t h e M i n e r a l 
Range . The v a l l e y s a r e n e a r l y e q u a l i n w i d t h and a r e p e r p e n d i c u l a r 
t o t h e t r e n d of t h e r i d g e s . These t o p o g r a p h i c f e a t u r e s a r e shown on 
t h e M i n e r s v i l l e 2 NE Q u a d r a n g l e t o p o g r a p h i c map ( c o n t o u r i n t e r v a l 
- 40 f e e t ) , b u t a r e more e a s i l y s e e n on v e r t i c a l a e r i a l p h o t o g r a p h s 
of the. a r e a . 
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P r e c a m b r i a n ( ? ) me tamorph ic r o c k s and t h e T e r t i a r y g r a n i t e . The 
me tamorph i c r o c k s o c c u r on t h e w e s t s i d e of t h e f a u l t . The d i r e c t i o n 
of movement on t h e f a u l t i s n o t known. 
F a u l t i n g and d e v e l o p m e n t of t h e v a l l e y s o c c u r r e d p r i o r t o d e p o ­
s i t i o n of a s i l i c i c v o l c a n i c f low i n W i l d h o r s e Canyon, b e c a u s e t h e 
f low e x t e n d s l a t e r a l l y i n t o t h e v a l l e y s on b o t h s i d e s . T h e r e i s no 
e v i d e n c e of movement on t h e f a u l t s u b s e q u e n t t o t h e d e p o s i t i o n o f 
t h e f low r o c k s . The t i m e of movement on t h e f a u l t i s t h o u g h t t o be 
m i d d l e P l i o c e n e . 
A n o t h e r n o r t h - t r e n d i n g f a u l t , wh ich i s a l s o i n f e r r e d from t o p o g ­
r a p h y , i s shown i n t h e s o u t h w e s t q u a r t e r of s e c t i o n 1 5 , T. 27 S . , 
R. 9 W. P r e c a m b r i a n ( ? ) m e t a m o r p h i c r o c k s a r e exposed on b o t h s i d e s 
of t h e f a u l t ; and t h e d i r e c t i o n of movement on t h e f a u l t i s n o t known. 
Dome F a u l t . The Dome F a u l t , t h e mos t c o n s p i c u o u s f a u l t i n t h e 
R o o s e v e l t a r e a , e x t e n d s i n a n o r t h - n o r t h e a s t e r l y d i r e c t i o n t h r o u g h 
s e c t i o n s 16 , 9 , and 4 , T. 27 S . , R. 9 W. Near Negro Mag Wash, t h e 
f a u l t c u r v e s , and e x t e n d s t h r o u g h s e c t i o n s 3 and 34 i n a n o r t h e r l y 
d i r e c t i o n ( s e e f i g u r e 3 ) . 
The "Dome F a u l t " i s so named b e c a u s e i t s maximum o f f s e t i s i n 
g e n t l y domed s i l i c e o u s h o t s p r i n g d e p o s i t s i n s e c t i o n 1 6 . H e r e , t h e 
v e r t i c a l d i s p l a c e m e n t i s a t l e a s t t w e n t y f e e t , w i t h t h e w e s t b l o c k up 
r e l a t i v e t o t h e e a s t b l o c k . V e r t i c a l d i s p l a c e m e n t a t t h e n o r t h end 
of t h e f a u l t i s p r o b a b l y a b o u t f i f t e e n f e e t ; b u t d i s p l a c e m e n t s i n 
s e c t i o n 9 may have b e e n s m a l l e r . 
A w e l l i n s e c t i o n 16 ( d e s c r i b e d on p . 3 8 ) h i t s t e a m , r e p o r t e d l y 
a t 270 f e e t . I f t h e zone c o n t a i n i n g much s t e a m i s t h e f a u l t , t h e n 
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t h e f a u l t p l a n e d i p s 45° o r more t o t h e e a s t . The s t r i k e of t h e 
f a u l t i n s e c t i o n s 16 , 9 , and 4 i s i n f e r r e d t o b e N 18°E. The a c t u a l 
f a u l t p l a n e i s n o t s e e n a t t h e s u r f a c e . 
Abundant c o b b l e s of o b s i d i a n and p e r l i t e a r e a t t h e s u r f a c e of 
t h e a l l u v i a l f an on t h e w e s t s i d e of t h e f a u l t i n t h e n o r t h e a s t 
q u a r t e r of s e c t i o n 9 . These c o b b l e s we re d e r i v e d from t h e s i l i c i c 
f low i n s e c t i o n 2 , and show t h a t movement on t h e f a u l t p o s t d a t e s e x ­
t r u s i o n of t h a t f l o w . 
I n s p e c t i o n of a e r i a l p h o t o g r a p h s shows t h a t t h e f a u l t h a s 
" d i s r u p t e d " d r a i n a g e on t h e a l l u v i a l f a n , b e c a u s e a " b e h e a d e d " d r a i n ­
a g e c a n b e d i s c e r n e d i n t h e s o u t h e r n p a r t of s e c t i o n 9 ; t h i s f e a t u r e 
i s shown on f i g u r e 2 . However, s u f f i c i e n t t i m e h a s e l a p s e d s i n c e 
f a u l t i n g t o a l l o w e r o s i o n of a g u l l y t h r o u g h t h e p a r t of t h e s c a r p 
t h a t had t h e g r e a t e s t amount of v e r t i c a l d i s p l a c e m e n t . Because t h e 
f a u l t s c a r p shows t h r o u g h - g o i n g d r a i n a g e s , most of t h e movement on t h e 
Dome F a u l t p r o b a b l y o c c u r r e d no l a t e r t h a n P l e i s t o c e n e . The f a u l t i s 
t h e r e f o r e younge r t h a n t h e n o r t h - t r e n d i n g f a u l t s w i t h i n t h e f o o t h i l l s 
of t h e M i n e r a l Range . 
Smal l F a u l t s i n t h e A l l u v i a l Fan 
A number of s m a l l - s c a l e f a u l t s i n t h e a r e a b e t w e e n t h e Dome F a u l t 
and t h e w e s t e r n edge of t h e R o o s e v e l t a r e a ( s e e f i g u r e 3) we re mapped 
on a e r i a l p h o t o g r a p h s . These f a u l t s a r e v e r y d i f f i c u l t t o l o c a t e on 
t h e g round b e c a u s e no c o n s o l i d a t e d r o c k s a r e exposed a t t h e s u r f a c e . 
Movement a l o n g t h e f a u l t s h a s p r o d u c e d r i d g e s i n t h e a l l u v i u m t h a t 
t r e n d n o r t h and n o r t h e a s t , p e r p e n d i c u l a r t o t h e t r e n d of t h e d r a i n a g e . 
The r i d g e s a r e e a s i l y s e e n on a e r i a l p h o t o g r a p h s , and t h e y can be s e e n 
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from t h e f o o t h i l l s of t h e M i n e r a l Range a t s u n r i s e and s u n s e t , when 
t h e e a s t - f a c i n g s l o p e s of t h e r i d g e s a r e i l l u m i n a t e d d i f f e r e n t l y from 
t h e a l l u v i a l f a n s u r f a c e . 
Movement on t h e f a u l t s h a s formed a number of g r a b e n s and h o r s t s , 
and t h e s e f e a t u r e s show d i f f e r e n t e r o s i o n a l p a t t e r n s . On a e r i a l 
p h o t o g r a p h s , t h e g r a b e n s t e n d t o b e u n i f o r m i n c o l o r , i n c o n t r a s t t o 
t h e r e m a i n d e r of t h e f a n . For e x a m p l e , t h e g r a b e n i n t h e w e s t e r n 
h a l f of s e c t i o n 2 9 , T, 27 S . , R. 9 W. i s n e a r l y u n i f o r m i n c o l o r 
a c r o s s i t s w h o l e w i d t h of a b o u t o n e - h a l f m i l e . An a r e a of s i m i l a r 
s i z e on t h e u n f a u l t e d p o r t i o n of t h e a l l u v i a l f a n shows many c o l o r 
c h a n g e s b e c a u s e of t h e c h a n n e l s . D i f f e r e n c e s i n c o l o r on t h e a e r i a l 
p h o t o g r a p h s a r e c a u s e d by c h a n g e s i n v e g e t a t i o n and s l o p e a n g l e . The 
h o r s t b l o c k s show d e e p e r c h a n n e l s t h a n t h e u n f a u l t e d p o r t i o n s of t h e 
f a n . 
The s m a l l - s c a l e f a u l t s a r e p r o b a b l y y o u n g e r t h a n t h e Dome F a u l t . 
The main r e a s o n f o r s u p p o s i n g t h i s i s t h a t a t t h e s u r f a c e , o n l y u n ­
c o n s o l i d a t e d a l l u v i u m i s o f f s e t , and t h e e v i d e n c e of f a u l t i n g i s p r o ­
b a b l y e r a s e d by e r o s i o n w i t h i n a g e o l o g i c a l l y s h o r t t i m e . I n d e e d , 
some of t h e t r a c e s of t h e s m a l l - s c a l e f a u l t s a r e v e r y f a i n t , and a r e 
p l o t t e d as q u e r i e d f a u l t s on f i g u r e 3 . P e r h a p s t h e s e f a u l t s a r e o l d e r 
t h a n t h e more c o n s p i c u o u s f a u l t s . By t h i s r e a s o n i n g , movement on t h e 
s m a l l f a u l t s i s p r o b a b l y P l e i s t o c e n e , and m i g h t even e x t e n d i n t o t h e 
H o l o c e n e . 
E a s t - w e s t T r e n d i n g F a u l t ( ? ) 
A q u e r i e d e a s t - w e s t t r e n d i n g f a u l t i s shown i n Negro Mag Wash on 
f i g u r e s 2 and 3 . The p r i n c i p a l e v i d e n c e f o r t h e e x i s t e n c e of t h i s 
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f a u l t : l i e s o u t s i d e t h e R o o s e v e l t a r e a , and c o n s i s t s of an e a s t - w e s t 
t r e n d i n g r i d g e a t t h e c r e s t of t h e M i n e r a l Range i n s e c t i o n s 5 and 6 , 
T. 27 S . , R. 8 W. The r i d g e s e p a r a t e s two r e l a t i v e l y f l a t a r e a s of 
b e d r o c k g r a n i t e a t e l e v a t i o n s of a p p r o x i m a t e l y 7200 f e e t and 7460 
f e e t . 
I f t h i s f a u l t e x t e n d s i n t o t h e R o o s e v e l t a r e a , i t i s c o v e r e d by 
a l l u v i u m . Movement on t h e f a u l t p r o b a b l y p r e d a t e s b o t h t h e s i l i c i c 
f low i n Negro Mag Wash and t h e Dome F a u l t . 
Geomorphology 
The geomorphology of t h e Dome F a u l t s c a r p h a s b e e n m e n t i o n e d i n 
a p r e v i o u s s e c t i o n . 
However , s e v e r a l p o i n t s s h o u l d b e made a b o u t t h e d e e p e s t d r a i n ­
age of t h e R o o s e v e l t a r e a , Negro Mag Wash. The wash i s an u n d e r f i t 
s t r e a m , wh ich may i n d i c a t e t h a t t h e ma jo r e p i s o d e of c h a n n e l - c u t t i n g 
o c c u r r e d d u r i n g t h e p l u v i a l p e r i o d s of t h e P l e i s t o c e n e . A l s o , c o b b l e s 
of o b s i d i a n and p e r l i t e from t h e s i l i c i c f low s o u t h of t h e w a s h , i n 
s e c t i o n s 1 and 2 , a r e a b u n d a n t on t h e a l l u v i a l f an n o r t h of t h e wash . 
T h i s shows t h a t Negro Mag Wash d e f i n i t e l y p o s t d a t e s t h e s i l i c i c f l o w . 
Summary of G e o l o g i c H i s t o r y 
The r o c k u n i t s exposed i n t h e R o o s e v e l t a r e a i n c l u d e o n l y a few 
of t h e r o c k u n i t s exposed i n t h e r e s t of t h e M i n e r a l Range . C o n s e -
q u e n t l y , t h e g e o l o g i c r e c o r d of t h e R o o s e v e l t a r e a i s f r a g m e n t a r y , 
and t h e r e c o r d of n e a r b y a r e a s mus t be u sed a s a g u i d e . 
The o l d e s t r o c k s of t h e R o o s e v e l t a r e a a r e me tamorph i c r o c k s , 
i n c l u d i n g b i o t i t e g n e i s s , s c h i s t , and p h y l l i t e . I t i s p o s t u l a t e d 
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t h a t b o t h t h e a c c u m u l a t i o n of t h e o r i g i n a l s e d i m e n t a r y r o c k s and t h e 
metamorphism t o o k p l a c e d u r i n g t h e P r e c a m b r i a n e r a . 
No p r e - T e r t i a r y s e d i m e n t a r y r o c k s c r o p o u t w i t h i n t h e R o o s e v e l t 
a r e a , a l t h o u g h lower P a l e o z o i c s e d i m e n t a r y r o c k s a r e exposed on t h e 
n o r t h end of t h e M i n e r a l Range , and m i d d l e P a l e o z o i c t h r o u g h Mesozo ic 
s e d i m e n t a r y r o c k s o c c u r on t h e s o u t h e r n end of t h e r a n g e . The c e n ­
t r a l p o r t i o n of t h e M i n e r a l Range i s composed of p l u t o n i c r o c k s , and 
h a s u n d o u b t e d l y e x p e r i e n c e d t h e g r e a t e s t amount of u p l i f t and c o n s e ­
q u e n t e r o s i o n ; and t h e p r e - T e r t i a r y s e d i m e n t a r y r o c k s t h a t p r o b a b l y 
w e r e p r e s e n t have b e e n removed . 
The M i n e r a l Range p l u t o n was emplaced d u r i n g l a t e Miocene o r 
e a r l y P l i o c e n e t i m e . I t was t h e n u p l i f t e d and e r o d e d . The p o s t u ­
l a t e d e a s t - w e s t f a u l t and t h e n o r t h - s o u t h t r e n d i n g f a u l t s w i t h i n t h e 
M i n e r a l Range may h a v e formed d u r i n g t h e t i m e of u p l i f t . The l a r g e r 
n o r t h - t r e n d i n g f a u l t was formed b e t w e e n e a r l y P l i o c e n e and l a t e P l i o ­
cene t i m e , b e c a u s e t h e W i l d h o r s e Canyon v o l c a n i c u n i t o c c u p i e s a 
v a l l e y t h a t was e r o d e d a l o n g t h e f a u l t . 
The Ranch Canyon V o l c a n i c s w e r e e x t r u d e d o n t o an e r o s i o n a l s u r ­
f a c e of t h e g r a n i t e . The s i l i c i c f l ows i n Negro Mag Wash and W i l d ­
h o r s e Canyon we re e x t r u d e d d u r i n g l a t e P l i o c e n e t i m e . 
The a l l u v i a l f a n d e p o s i t s of t h e R o o s e v e l t a r e a formed d u r i n g 
l a t e T e r t i a r y and Q u a t e r n a r y t i m e . D u r i n g t h e P l e i s t o c e n e , h o t 
s p r i n g s f lowed i n t h e R o o s e v e l t a r e a , and U n i t s A, B, and C w e r e f o r ­
med of a l l u v i u m by t h e c e m e n t i n g a c t i o n of t h e h o t w a t e r . Some of 
t h e h o t s p r i n g a c t i v i t y p r e c e d e d t h e c o n s o l i d a t i o n of U n i t A, b e c a u s e 
t h a t u n i t c o n t a i n s f r a g m e n t s of s i l i c e o u s h o t - s p r i n g m a t e r i a l . U n i t 
A i s a l s o o v e r l a i n by e x t e n s i v e h o t - s p r i n g d e p o s i t s . The r e l a t i v e 
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a g e s of U n i t s A, B, and C a r e n o t known b e c a u s e most o u t c r o p s a r e 
w i d e l y s e p a r a t e d by a l l u v i u m , and no b e d r o c k c o n t a c t s a r e e x p o s e d . 
Movement a l o n g t h e Dome F a u l t and t h e s m a l l - s c a l e f a u l t s i n t h e 
a l l u v i u m o c c u r r e d d u r i n g t h e P l e i s t o c e n e and p e r h a p s a l s o d u r i n g t h e 
H o l o c e n e . U n i t C, U n i t A, and a l s o o v e r l y i n g h o t - s p r i n g d e p o s i t s a r e 
o f f s e t by t h e Dome F a u l t . O t h e r P l e i s t o c e n e e v e n t s i n t h e R o o s e v e l t 
a r e a i n c l u d e d t h e f o r m a t i o n of t h e Lake B o n n e v i l l e embankments and 
t h e c u t t i n g of Negro Mag Wash. 
O t h e r s m a l l s i l i c e o u s d e p o s i t s a t t h e n o r t h end of t h e Dome 
F a u l t w e r e p r o d u c e d by h o t s p r i n g s t h a t f lowed d u r i n g h i s t o r i c t i m e s . 
I t i s n o t known w h e t h e r h o t s p r i n g s f lowed i n t h e R o o s e v e l t a r e a b e ­
tween t h e t i m e of f o r m a t i o n of t h e P l e i s t o c e n e h o t - s p r i n g d e p o s i t s and 
t h e f o r m a t i o n of t h e r e c e n t h o t - s p r i n g d e p o s i t s . 
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DESCRIPTION OF HOT SPRINGS, HOT SPRING DEPOSITS, 
AND WELLS OF THE ROOSEVELT AREA 
The g r o u p of s p r i n g s known a s R o o s e v e l t Hot S p r i n g s f o r m e r l y 
i s s u e d from m e t a m o r p h i c r o c k s and a l l u v i u m on t h e w e s t e r n f l a n k of 
t h e M i n e r a l Range . P u b l i s h e d r e p o r t s do n o t r e c o r d t h e number of 
s p r i n g s i n t h e g r o u p . 
One s p r i n g was d e s c r i b e d by Lee i n 1908 ( p . 2 0 ) , who s a i d t h a t 
i t f lowed a t a r a t e of 10 gpm, and t h a t t h e t e m p e r a t u r e was a t l e a s t 
190°F . Mundorff s t a t e s ( 1 9 7 0 , p . 42) t h a t t h e main s p r i n g was d r y i n 
1966 , and d i d n o t a p p e a r t o h a v e d i s c h a r g e d f o r s e v e r a l y e a r s . The 
s p r i n g s h a v e n o t b e e n o b s e r v e d t o d i s c h a r g e d u r i n g t h e c o u r s e ( 1 9 7 2 -
1973) of t h e p r e s e n t s t u d y . 
The h o t - s p r i n g d e p o s i t s c o n s i s t of t h r e e r o c k u n i t s t h a t we re 
formed from a l l u v i u m a s a r e s u l t of t h e c e m e n t i n g a c t i o n of h o t w a t e r , 
and a l s o s i l i c e o u s d e p o s i t s t h a t we re formed by p r e c i p i t a t i o n from 
h o t - s p r i n g w a t e r s . The l a r g e s t s i l i c e o u s h o t - s p r i n g d e p o s i t s i n t h e 
R o o s e v e l t a r e a a r e t h e P l e i s t o c e n e ( ? ) d e p o s i t s a t t h e s o u t h end of 
t h e Dome F a u l t ; b u t s m a l l e r , r e l a t i v e l y r e c e n t s i l i c e o u s d e p o s i t s a r e 
p r e s e n t i n Negro Mag Wash. 
I n numerous p l a c e s , t h e u n c o n s o l i d a t e d a l l u v i u m h a s b e e n s t a i n e d 
r e d , and t h e s t a i n e d p a t c h e s a r e i n t e r p r e t e d t o h a v e once b e e n h o t 
s p r i n g s o r s e e p s . A l t h o u g h no w a t e r i s p r e s e n t l y b e i n g d i s c h a r g e d t o 
t h e s u r f a c e a t any of t h e s e p l a c e s , h o t g round i n t h e b o t t o m of 
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t r e n c h e s and a u g e r h o l e s shows t h a t some h o t w a t e r i s s t i l l p r e s e n t 
i n t h e s u b s u r f a c e . A l l of t h e s e f e a t u r e s a r e d i s c u s s e d b e l o w , and a l l 
a r e shown on f i g u r e 2 . 
T h e r e i s no r e c o r d of any w a t e r w e l l s i n t h e R o o s e v e l t a r e a . 
However, s e v e r a l h o l e s we re d r i l l e d i n t h e h o t - s p r i n g d e p o s i t s i n 
s e c t i o n 16 , and one i s r e p o r t e d t o h a v e d i s c h a r g e d s t e a m . 
Rocks Composed of S i l i c a - C e m e n t e d A l l u v i u m 
T h r e e r o c k u n i t s of s i l i c a - c e m e n t e d a l l u v i u m t h a t had n o t b e e n 
p r e v i o u s l y r e p o r t e d we re found i n t h e R o o s e v e l t a r e a d u r i n g t h e p r e ­
s e n t i n v e s t i g a t i o n . A l l o u t c r o p s of t h e new u n i t s a r e n e a r t h e Dome 
F a u l t . 
The r o c k u n i t s a r e c a l l e d U n i t A, U n i t B, and U n i t C, and a r e 
d i v i d e d i n t o t h e s e u n i t s on t h e b a s e s of l i t h o l o g y , o u t c r o p p a t t e r n , 
and d e g r e e of s o r t i n g e x h i b i t e d w i t h i n t h e r o c k s . The a r e a of o u t ­
c r o p of e a c h u n i t i s s m a l l , a s can b e s e e n from f i g u r e 2 . Because 
most o u t c r o p s a r e w i d e l y s e p a r a t e d by a l l u v i u m and b e c a u s e no b e d ­
r o c k c o n t a c t s a r e e x p o s e d , t h e s t r a t i g r a p h i c r e l a t i o n s h i p s among t h e 
u n i t s a r e n o t known. 
U n i t A 
D i s t r i b u t i o n . U n i t A i s exposed i n s c a t t e r e d o u t c r o p s i n t h e 
R o o s e v e l t a r e a . One o u t c r o p i s a t t h e n o r t h end of t h e Dome F a u l t , 
and t h e o t h e r s a r e two m i l e s s o u t h , a t t h e e x t r e m e s o u t h end of t h e 
Dome F a u l t . 
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T a b l e 2 . — C o m p o s i t i o n of s a m p l e s R-128 and R - 1 7 , U n i t A. 
R-128 R-17 
Compos i t e r o c k f r a g m e n t s 
F r a g m e n t a l q u a r t z 
F r a g m e n t a l p o t a s s i u m f e l d s p a r 
F r a g m e n t a l p l a g i o c l a s e 
B i o t i t e 
Amphibole 
Opaques 
M a t r i x 
U n f i l l e d v o i d s 
Opal 
S e c o n d a r y Q u a r t z 
C h l o r i t e 
E p i d o t e 
n o t found 






























L i t h o l o g y . The r o c k c o n s i s t s of r o c k f r a g m e n t s i n a t a n t o 
brown g l a s s y m a t r i x . The f r a g m e n t s a r e g r a n i t e o r s i l i c e o u s , banded 
h o t - s p r i n g m a t e r i a l . The m a t r i x i s p o r o u s and h a s s m a l l ( l e s s t h a n 
0 . 5 mm) f l a k e s of b i o t i t e . Some r o c k s h a v e o p a l - f i l l e d v e i n s t h a t 
a r e a s w i d e a s t h r e e - q u a r t e r s of an i n c h . 
O u t c r o p s a r e m a s s i v e and do n o t show any s t r a t i f i c a t i o n o r s o r ­
t i n g of t h e r o c k f r a g m e n t s . The n o r t h e r n o u t c r o p i s j o i n t e d , f o rming 
h o r i z o n t a l s l a b s t h a t a r e a b o u t e i g h t e e n i n c h e s t h i c k . The r o c k 
w e a t h e r s t o medium brown o r l i g h t b rown . 
Samples from t h e n o r t h e r n o u t c r o p and from one s o u t h e r n o u t c r o p 
w e r e examined p e t r o g r a p h i c a l l y ( s a m p l e l o c a t i o n s a r e shown on f i g u r e 
2 ) . C o m p o s i t i o n of t h e r o c k s , a s d e t e r m i n e d by p o i n t c o u n t s , i s shown 
i n T a b l e 2 . 
Most of t h e r o c k f r a g m e n t s a r e composed of q u a r t z , p o t a s s i u m 
f e l d s p a r , and opaque m i n e r a l s ; h o w e v e r , some a r e composed of o n l y 
one of t h o s e m i n e r a l s . P o t a s s i u m f e l d s p a r f r a g m e n t s show b o t h 
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g r a p h i c and p e r t h i t i c i n t e r g r o w t h s . Many r o c k f r a g m e n t s t o u c h one 
a n o t h e r , b u t some a p p e a r t o b e e n t i r e l y s u r r o u n d e d b y t h e m a t r i x . 
The r o c k f r a g m e n t s a r e s u b r o u n d e d t o a n g u l a r and a r e a s l a r g e a s 20 
mm i n t h e l o n g e s t d i m e n s i o n ; t h e a v e r a g e l e n g t h I s a b o u t f i v e mm. 
Most g r a i n s a r e h a l f a s w ide a s t h e y a r e l o n g . 
I n d i v i d u a l g r a i n s of b i o t i t e and o f a g r e e n a m p h i b o l e ( p o s s i b l y 
a c t i n o l i t e ) a r e p r e s e n t i n t h e m a t r i x , b u t w e r e n o t o b s e r v e d i n any 
c o m p o s i t e r o c k f r a g m e n t s . The b i o t i t e g r a i n s a v e r a g e o n e mm i n 
l e n g t h , a r e r e l a t i v e l y u n a l t e r e d , and a r e g e n e r a l l y n o t b e n t . The 
a m p h i b o l e g r a i n s a v e r a g e one mm i n l e n g t h and a r e s u b h e d r a l . 
The m a t r i x c o n s i s t s of m i n u t e ( l e s s t h a n 0 . 1 mm) m i n e r a l f r a g ­
m e n t s and brown g l a s s . The g l a s s d o e s n o t show any s h a r d s o r o t h e r 
e v i d e n c e t h a t t h e t e x t u r e o r i g i n a l l y was f r a g m e n t a l . V e r y l i t t l e 
d e v i t r i f i c a t i o n of t h e g l a s s h a s t a k e n p l a c e . 
The r o c k s a r e q u i t e p o r o u s . I r r e g u l a r l y s h a p e d v o i d s , a v e r a g i n g 
0 . 5 mm i n w i d t h , make up a s much a s s e v e n p e r c e n t of t h e r o c k ( s e e 
T a b l e 2) . None of t h e v o i d s c u t r o c k f r a g m e n t s . T h i n o p a l r i n d s 
l i n e mos t of t h e v o i d s , and c o m p l e t e l y f i l l some . E p i d o t e i s a s s o c i ­
a t e d w i t h t h e o p a l . A few v o i d s h a v e b e e n f i l l e d b y q u a r t z . 
M i n e r a l i d e n t i f i c a t i o n s by X - r a y d i f f r a c t i o n w e r e made on a sam­
p l e of t h e who le r o c k and on a l i g h t - m i n e r a l f r a c t i o n of one s amp le 
of U n i t A. N e i t h e r a n a l y s i s showed a n y c l a y t o b e p r e s e n t i n t h e 
s a m p l e . 
O r i g i n of U n i t A. The d a t a d e v e l o p e d d u r i n g t h e p r e s e n t i n v e s ­
t i g a t i o n d i d n o t c l e a r l y show t h e mode of f o r m a t i o n , of t h e s e r o c k s . 
However , l a t e r r e s e a r c h by W. T . P a r r y ( 1 9 7 5 , p e r s o n a l c o m m u n i c a t i o n ) 
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s t r o n g l y s u g g e s t s t h a t U n i t A c o n s i s t s of h y d r o t h e r m a l l y a l t e r e d and 
cemented a l l u v i u m . 
Because of t h e s i m i l a r i t y of l i t h o l o g y b e t w e e n w i d e l y s e p a r a t e d 
o u t c r o p s and b e c a u s e s i l i c i c v o l c a n i s m o c c u r s n e a r b y , t h e w r i t e r h a s 
i n t h e p a s t s u g g e s t e d t h a t U n i t A m i g h t b e a l i t h i c t u f f . The f a c t 
t h a t no c l a y was found e i t h e r o p t i c a l l y o r by X - r a y d i f f r a c t i o n i n t h e 
s a m p l e s s t u d i e d by t h e w r i t e r seemed t o s u p p o r t t h i s i n t e r p r e t a t i o n . 
However, l a t e r work by D r . P a r r y h a s shown t h a t c l a y i s p r e s e n t i n 
t h e m a t r i x of U n i t A. A d d i t i o n a l l y , i f U n i t A w e r e a l i t h i c t u f f , 
t h e n v e s t i g e s of g l a s s f r a g m e n t s s h o u l d b e v i s i b l e i n t h e m a t r i x , b u t 
none h a v e b e e n f o u n d . 
Age . U n i t A c o n t a i n s f r a g m e n t s of s i l i c e o u s h o t - s p r i n g m a t e r i a l , 
s o t h e u n i t p o s t - d a t e s t h e f i r s t h o t s p r i n g s i n t h e a r e a . The u n i t 
i s o v e r l a i n by a l a r g e d e p o s i t of s i l i c e o u s s i n t e r , and i s o f f s e t by 
t h e Dome F a u l t , so U n i t A may b e e a r l y o r m i d d l e P l e i s t o c e n e i n a g e . 
U n i t B 
D i s t r i b u t i o n . U n i t B was found o n l y i n t h e s o u t h e r n p a r t of 
s e c t i o n 9 . 
L i t h o l o g y . U n i t B forms a l i n e a r o u t c r o p t h a t r e s e m b l e s a d i k e . 
The o u t c r o p i s 275 f e e t l o n g and a v e r a g e s two f e e t w i d e ; i t s t r i k e s 
N 9°W, and h a s j o i n t s t h a t d i p 70° t o t h e w e s t . I n p l a c e s , t h e r o c k 
i s c o v e r e d by a t h i n l a y e r of a l l u v i u m . 
The r o c k c o n s i s t s of r o c k f r a g m e n t s i n a p a l e g r e e n t o w h i t e 
g l a s s y m a t r i x . O u t c r o p s a r e m a s s i v e and do n o t show any s t r a t i f i c a ­
t i o n o r s o r t i n g of t h e r o c k f r a g m e n t s . The r o c k w e a t h e r s t o w h i t e 
l  t  t it i t   ll   
t  alluviu .
   il i      se t
       i  
 t   it    . fa
    l    ti   
   ri    rt  interpretatio .
,    \vu    t 
 t   it . it ll ,  it   tuff,
    t       t  
   foun .
 it  t     ,
 i  t        
   it   ,  t 
 lt, it        
it  
i . it      t  
 .
 it      i .
   t      strike
 0 , t  t  0       r
     alluviu .
  i t    t      
 t      stratifica-
      t .    
32 
T a b l e 3 . — C o m p o s i t i o n of s a m p l e s R-67 and R - 7 1 , U n i t B. 
R-67 R-71 
Compos i t e r o c k f r a g m e n t s 33% v 49% v 
F r a g m e n t a l q u a r t z 12% I 
F r a g m e n t a l p o t a s s i u m f e l d s p a r 10% ( 5 6 % 3% ( 5 5 % 
F r a g m e n t a l p l a g i o c l a s e 1%' < 1 % ; 
B i o t i t e <1% 2% 
Z i r c o n <1% n o t found 
G l a s s 22% 10% 
M i c r o l i t e s 8% 2% 
Open f r a c t u r e s n o t found 2% 
S e c o n d a r y q u a r t z 8% 2% 
Opa l n o t found 25% 
C h l o r i t e 4% 1% 
Opaques 1% 1% 
100% 100% 
Number of p o i n t s c o u n t e d 309 187 
o r t a n . 
Two s a m p l e s of U n i t B w e r e examined p e t r o g r a p h i c a l l y . Composi ­
t i o n of t h e r o c k s , a s d e t e r m i n e d by p o i n t c o u n t s , i s shown i n T a b l e 
The c o m p o s i t i o n of r o c k f r a g m e n t s i n s a m p l e s R-67 and R-71 i s 
s i m i l a r t o U n i t A. U n i t B c o n t a i n s 56 and 55 p e r c e n t r o c k f r a g m e n t s , 
wh ich i s s l i g h t l y more t h a n U n i t A. 
The r o c k f r a g m e n t s c o n t a i n e d i n s amp le R-67 a r e n e a r l y t h e same 
s i z e a s t h o s e i n U n i t A, and t h e f r a g m e n t s a r e s u b r o u n d e d t o a n g u l a r . 
Sample R-71 c o n t a i n s c o b b l e s of g r a n i t e and of g r e e n me tamorph ic r o c k , 
a s w e l l a s s m a l l e r r o c k f r a g m e n t s . The c o b b l e s a r e a s l a r g e a s two 
i n c h e s i n t h e l o n g e s t d i m e n s i o n , and a r e t h e l a r g e s t i n c l u s i o n s o b ­
s e r v e d i n U n i t s A, B, o r C. 
B i o t i t e i s p r e s e n t i n t h e m a t r i x of U n i t B, b u t i s l e s s common 
t h a n i n U n i t A. The b i o t i t e g r a i n s show l i t t l e a l t e r a t i o n and a r e 
n o t b e n t . 
 -- siti   l    i  
sit   frag t
t l 
t l  feldsp r
t l pla i l
i ti  
 
 




l rit  
 
  c  
r ta . 
 




















  it   i ll . -
       t   ~~  
3. 
siti    t      is
i   i  it   t  frag t ,
     it  
  t         
    it   t     an .
    i     i  r ,
 l   ll   t .       
   t ,    t  -
  i   
i ti   t   t   i     
  i  t       r
 .
33 
The m a t r i x of U n i t B c o n s i s t s of brown g l a s s and m i n u t e m i n e r a l 
f r a g m e n t s . A p p r o x i m a t e l y o n e - t h i r d of t h e g l a s s of s ample R-71 h a s 
d e v i t r i f i e d . Most of t h e d e v i t r i f i c a t i o n p r o d u c t s a r e t o o s m a l l t o 
b e i d e n t i f i e d , and a r e t e rmed " m i c r o l i t e s " i n T a b l e 3 . About t h r e e -
f o u r t h s of t h e g l a s s of s ample R-67 h a s d e v i t r i f i e d . Many of t h e 
p r o d u c t s a r e l a r g e enough t o b e i d e n t i f i e d a s q u a r t z , and a r e t e rmed 
" s e c o n d a r y q u a r t z " i n T a b l e 3 . The m a t r i x d o e s n o t show any r e m n a n t s 
of g l a s s s h a r d s . 
I n t h i n s e c t i o n , s a m p l e R-67 d o e s n o t show any v o i d s o r f r a c ­
t u r e s . Sample R - 7 1 , on t h e o t h e r h a n d , c o n t a i n s some open s p a c e s 
and many o p a l - f i l l e d s p a c e s t h a t a r e i n t e r p r e t e d t o be f r a c t u r e s o r 
j o i n t s . The f r a c t u r e s a v e r a g e 0 . 1 mm i n w i d t h and a r e a s l o n g a s 
1.5 mm; many f r a c t u r e s c r o s s r o c k f r a g m e n t s . The v o i d s i n U n i t A 
a r e a b o u t a s l o n g a s t h e y a r e w i d e , and none of t h e v o i d s w e r e o b ­
s e r v e d t o c u t r o c k f r a g m e n t s . The v o i d s of U n i t A a r e i n t e r p r e t e d t o 
b e p r i m a r y p o r o s i t y o r ( d o u b t f u l l y ) s o l u t i o n c a v i t i e s . 
X - r a y d i f f r a c t i o n a n a l y s e s w e r e done on t h e w h o l e r o c k and on a 
l i g h t - m i n e r a l s f r a c t i o n of s ample R - 7 1 . N e i t h e r a n a l y s i s showed any 
c l a y t o b e p r e s e n t i n t h e s a m p l e . A few weak l i n e s i n t h e X - r a y p a t ­
t e r n t h a t a r e n o t a t t r i b u t a b l e t o q u a r t z , o r t h o c l a s e , o r p l a g i o c l a s e 
may r e p r e s e n t a s m a l l q u a n t i t y of h y d r o m a g n e s i t e . 
O r i g i n of U n i t B. B e c a u s e U n i t B h a s a g l a s s y m a t r i x and c o n ­
t a i n s u n d e f o r m e d , u n a l t e r e d b i o t i t e f l a k e s , t h e w r i t e r h a s i n t h e p a s t 
s u g g e s t e d t h a t U n i t B migh t be a l i t h i c t u f f . However , l a t e r r e s e a r c h 
by W. T. P a r r y ( 1 9 7 5 , p e r s o n a l commun ica t i on ) s t r o n g l y s u g g e s t s t h a t 
U n i t B i s composed of cemented a l l u v i u m . 
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Age. U n i t B may c r o s s c u t U n i t A, b e c a u s e U n i t B i s exposed a t 
a h i g h e r e l e v a t i o n t h a n U n i t A. The r e l a t i o n s h i p b e t w e e n U n i t B and 
t h e Dome F a u l t i s n o t known. 
U n i t C 
D i s t r i b u t i o n . O u t c r o p s of U n i t C a r e l o c a t e d a l o n g t h e c e n t r a l 
and n o r t h e r n p a r t s of t h e Dome F a u l t . As can b e s e e n from f i g u r e 2 , 
t h e a r e a of o u t c r o p of U n i t C i s l a r g e r t h a n t h e a r e a s of e i t h e r 
U n i t A o r U n i t B. 
L i t h o l o g y . U n i t C c o n s i s t s of r o c k f r a g m e n t s t h a t a r e bound 
t o g e t h e r by a s i l i c e o u s m a t r i x . I n s e v e r a l o u t c r o p s , t h e r o c k f r a g ­
men t s a r e s o r t e d i n t o l a y e r s o n e - q u a r t e r i n c h t o one i n c h t h i c k . 
Some l a y e r s a r e more v i s i b l e t h a n o t h e r s b e c a u s e of d i f f e r i n g amounts 
of h e m a t i t i c s t a i n i n g . 
O u t c r o p s of U n i t C a r e t h i n l y bedded o r m a s s i v e and a r e p redom­
i n a n t l y w h i t e o r t a n , b u t o r a n g e o r p u r p l e s t r e a k s of h e m a t i t e s t a i n ­
i n g a r e common. 
The r o c k f r a g m e n t s a r e s u b r o u n d e d t o a n g u l a r and r a n g e i n s i z e 
from t e n mm t o l e s s t h a n 0 . 5 mm; t h e a v e r a g e s i z e i s a b o u t two mm. 
P e t r o g r a p h i c e x a m i n a t i o n shows t h a t t h e r o c k f r a g m e n t s a r e composed 
of q u a r t z , p o t a s s i u m f e l d s p a r , o r a c o m b i n a t i o n of t h o s e m i n e r a l s . 
P l a g i o c l a s e f e l d s p a r and opaque m i n e r a l s a r e uncommon components of 
t h e r o c k f r a g m e n t s . P o t a s s i u m f e l d s p a r f r a g m e n t s show b o t h g r a p h i c 
and p e r t h i t i c i n t e r g r o w t h s . Much of t h e p o t a s s i u m f e l d s p a r i s v e r y 
b a d l y a l t e r e d t o k a o l i n i t e and s e r i c i t e . Of t h e f i v e s a m p l e s s t u d i e d , 
r o c k f r a g m e n t s make up from 42 t o 16 p e r c e n t of t h e r o c k . A few 
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s m a l l pumice p e b b l e s were o b s e r v e d i n two s a m p l e s . 
The m a t r i x of U n i t C i s brown g l a s s and m i c r o l i t e s . The m a t r i x 
d o e s n o t show any s h a r d s o r o t h e r e v i d e n c e t h a t t h e o r i g i n a l t e x t u r e 
was f r a g m e n t a l . L i t t l e d e v i t r i f i c a t i o n of t h e m a t r i x h a s o c c u r r e d . 
V o i d s c o m p r i s e two t o f o u r t e e n p e r c e n t of t h e s a m p l e s examined . 
The v o i d s a r e i r r e g u l a r l y shaped and a v e r a g e 0 . 2 mm i n w i d t h . Two 
s a m p l e s h a v e a l u n i t e , o p a l , and e p i d o t e a s r i n d s w i t h i n v o i d s . Sma l l 
g r a i n s of a c a r b o n a t e m i n e r a l a r e p r e s e n t i n t h e m a t r i x and l i n e t h e 
v o i d s of one s a m p l e ; b u t t h a t s ample d o e s n o t c o n t a i n o p a l o r a l u n i t e . 
C h l o r i t e and h e m a t i t e h a v e formed w i t h i n t h e g l a s s m a t r i x i n 
some s a m p l e s . 
O r i g i n of U n i t C. B e c a u s e s e v e r a l o u t c r o p s of U n i t C show s t r a t ­
i f i c a t i o n , t h e e v i d e n c e i s s t r o n g t h a t t h e u n i t i s a l l u v i u m t h a t was 
cemented by s i l i c a o r c a r b o n a t e from h o t s p r i n g w a t e r s . The w e l l -
s t r a t i f i e d p o r t i o n s of t h e u n i t may h a v e formed i n p l a c e . The u n -
s t r a t i f i e d p o r t i o n s of t h e u n i t may r e p r e s e n t open p o o l s of w a t e r i n t o 
which some a l l u v i u m was w a s h e d . 
Age. The s t r a t i g r a p h i c r e l a t i o n s h i p b e t w e e n U n i t C and U n i t A i s 
n o t known, so t h e maximum age of U n i t C i s n o t known. However , t h e 
minimum age of U n i t C i s P l e i s t o c e n e b e c a u s e i t i s o f f s e t by t h e 
Dome F a u l t . 
R o o s e v e l t Hot S p r i n g s R e s o r t Area 
The R o o s e v e l t Hot S p r i n g s R e s o r t i s shown on f i g u r e 2 . The 
r e s o r t was c o n s t r u c t e d a round 1902 ( S a l t Lake Min ing Review, 1902, 
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J u l y 1 5 , p . 2 1 ) , and c o n s i s t e d of a h o t e l , s e v e r a l b a t h h o u s e s , and a 
swimming p o o l . 
A c h a n n e l i n t h e a l l u v i u m t h a t i s a b o u t s i x f e e t wide a t t h e 
h e a d , t h r e e f e e t d e e p , and t w e n t y f e e t l o n g i s assumed t o be t h e main 
o r i f i c e . S i l i c e o u s s i n t e r i s exposed i n t h e c h a n n e l , and t h e s o i l i n 
and a round t h e c h a n n e l i s s t a i n e d by h e m a t i t e . 
A s h a l l o w a u g e r h o l e 100 f e e t e a s t of t h e main o r i f i c e i s a b o u t 
e i g h t i n c h e s w ide and p r e s e n t l y a b o u t t h r e e f e e t d e e p . One f o o t 
be low t h e b o t t o m of t h e a u g e r h o l e , t h e s o i l i s 2 0 4 ° F . 
S i l i c e o u s s i n t e r i s found i n t h r e e p l a c e s on t h e n o r t h s i d e of 
Negro Mag Wash, a s i s shown on f i g u r e 2 . The s i n t e r i s l i g h t brown 
t o w h i t e i n c o l o r and i s v e r y d e n s e . The w e s t e r n m o s t o u t c r o p i s a b o u t 
f i v e f e e t w i d e and f i f t e e n f e e t l o n g ; i t s t h i c k n e s s i s unknown. T h i s 
s p r i n g may have f lowed i n h i s t o r i c t i m e s , b e c a u s e t h e f o u n d a t i o n s of 
a s m a l l b u i l d i n g a r e n e a r b y . 
P a t c h e s of h o t g round n e a r e ach of t h e s i n t e r d e p o s i t s show t h a t 
h o t w a t e r i s s t i l l c l o s e t o t h e s u r f a c e . S e v e r a l b a c k h o e t r e n c h e s 
(shown on f i g u r e 2) h a v e b e e n dug i n t o t h e a l l u v i u m and t e m p e r a t u r e s 
a s h i g h a s 130°F were measured a few i n c h e s be low t h e b o t t o m of one. 
t r e n c h . The s m e l l of h y d r o g e n s u l f i d e i s n o t p a r t i c u l a r l y n o t i c e a b l e 
a round t h e t r e n c h e s , b u t t h e a l l u v i u m i n t h e s i d e s of t h e t r e n c h e s 
i s c o v e r e d w i t h a t h i n f i l m of s u l f u r . 
A p p r o x i m a t e l y 5 0 , 0 0 0 s q u a r e f e e t of s i l i c e o u s h o t - s p r i n g d e p o s i t s 
Negro Mag Wash Area 
Opal Area 
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c r o p o u t i n t h e s o u t h e r n p a r t of t h e R o o s e v e l t a r e a , a s shown on 
f i g u r e 2 . Excep t f o r t h e s c a r p of t h e Dome F a u l t , t h e maximum 
r e l i e f i n t h i s a r e a i s t e n f e e t and much of t h e a r e a i s c o v e r e d by 
a l l u v i u m , so more h o t - s p r i n g d e p o s i t s may b e p r e s e n t b u t c o v e r e d . 
A t h i c k n e s s of a b o u t t w e n t y f e e t of t h e s i l i c e o u s m a t e r i a l i s 
exposed a l o n g t h e f a u l t s c a r p , b u t t h e t o t a l t h i c k n e s s of t h e d e ­
p o s i t i s n o t known. 
S e v e r a l p i t s have b e e n e x c a v a t e d i n t h e h o t - s p r i n g d e p o s i t s i n 
s e c t i o n 16 . About f i v e f e e t of a t t r a c t i v e l y banded o p a l i s exposed 
i n t h e s e p i t s , and t h e r o c k i s much i n demand by r o c k h o u n d s . S e c t i o n 
16 i s a s t a t e s c h o o l s e c t i o n , and t h e o p a l i s p r e s e n t l y h e l d on a 
m i n e r a l s l e a s e by Mr. A. L. McDonald. The o p a l h a s w h i t e , r e d , brown 
o r a n g e , y e l l o w , and g r e e n l a y e r s which r a n g e i n t h i c k n e s s from s e v ­
e r a l i n c h e s t o l e s s t h a n a q u a r t e r of an i n c h . The c o l o r s p r o b a b l y 
r e s u l t from s t a i n i n g by a l g a e a t t h e t i m e of d e p o s i t i o n . Most of 
t h e o p a l i s q u i t e d e n s e , b u t some l a y e r s a r e p o r o u s . 
The r e s t of t h e s i l i c e o u s s i n t e r i s w h i t e t o l i g h t brown i n 
c o l o r , and shows some a l g a l s t a i n i n g . Most l a y e r s a r e i m p e r m e a b l e , 
b u t some a r e p o r o u s . A l l of t h e o p a l and s i l i c e o u s s i n t e r i s i n t e r ­
p r e t e d t o have formed on t h e m a r g i n s of o r w i t h i n p o o l s of h o t w a t e r 
a t t h e ground s u r f a c e . 
Because t h i s m a t e r i a l i s o f f s e t by t h e Dome F a u l t , i t i s p r o ­
b a b l y P l e i s t o c e n e o r o l d e r i n a g e . 
I n 1968 , s e v e r a l h o l e s were d r i v e n i n and a round t h e o p a l d e p o s i 
i n s e c t i o n 16 by E. N. D a v i e . The l o c a t i o n s of two of t h e s e d r i l l -
D r i l l H o l e s 
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h o l e s a r e shown on f i g u r e 2 ; a n o t h e r i s i n t h e main o p a l p i t and h a s 
b e e n c o v e r e d . 
The t o p of t h e e a s t e r n m o s t d r i l l h o l e i s f o u r i n c h e s i n d i a m e t e r . 
I t r e a c h e d a d e p t h of 275 f e e t , w h e r e s t e a m b l ew t h e d r i l l i n g e q u i p ­
ment o u t of t h e h o l e . U n c o n t r o l l e d d i s c h a r g e c o n t i n u e d f o r a b o u t s i x 
weeks u n t i l t h e h o l e was cemented b a c k . The s t e am t e m p e r a t u r e was 
2 7 0 ° F , and was o b s e r v e d t o i n c r e a s e s l i g h t l y a s d i s c h a r g e c o n t i n u e d . 
W e l l h e a d p r e s s u r e s w e r e n o t m e a s u r e d , and no a n a l y s i s of t h e c o n d e n ­
s a t e was made ( C J . von Hoene , 1 9 7 3 , p e r s o n a l c o m m u n i c a t i o n ) . 
The w e s t e r n m o s t d r i l l h o l e i s on t h e u p t h r o w n b l o c k of t h e Dome 
F a u l t . I t i s a t l e a s t 50 f e e t d e e p , and t h e t e m p e r a t u r e a t t h a t 
d e p t h i s 140°F . 
The d r i l l h o l e i n t h e o p a l p i t i s r e p o r t e d t o b e a b o u t 80 f e e t 
d e e p , and t h e n o i s e of b o i l i n g w a t e r c o u l d fee Heard I n l i t (A. l~ 
McDonald, 1974 , p e r s o n a l c o m m u n i c a t i o n ) . 
H e m a t i t i c S t a i n i n g of A l l u v i u m 
S e v e r a l p a t c h e s of r e d - s t a i n e d a l l u v i u m a r e found i n t h e c e n t r a l 
p a r t of t h e R o o s e v e l t a r e a ( s e e f i g u r e 2 f o r l o c a t i o n s ) . The r e d 
s t a i n i n g may h a v e b e e n c a u s e d by h o t s p r i n g s o r s e e p s , b u t t h e g r o u n d 
i n t h e s e p a t c h e s i s n o t p r e s e n t l y h o t . 
Near t h e w e s t e r n m o s t t r e n c h e s i n Negro Mag Wash, a f o r t y - f o o t -
t h i c k zone of h e m a t i t e - s t a i n e d a l l u v i u m i s exposed i n t h e s o u t h e r n 
w a l l of t h e w a s h . 
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WATER CHEMISTRY OF ROOSEVELT HOT SPRINGS 
The w a t e r s of R o o s e v e l t Hot S p r i n g s we re f i r s t d e s c r i b e d by Lee 
( 1 9 0 8 , p . 2 0 ) , who s a i d : 
P . B. McKean 's h o t s p r i n g s , of wh ich t h e r e a r e s e v e r a l , a r e l o c a t e d 
on t h e w e s t e r n s l o p e of t h e M i n e r a l M o u n t a i n s , n o r t h e a s t of M i l f o r d . 
The l a r g e s t of t h e s e s p r i n g s , h a v i n g a d i s c h a r g e of a b o u t 10 g a l l o n s 
p e r m i n u t e , h a s b e e n improved and a b a t h h o u s e b u i l t , t o u t i l i z e t h e 
w a t e r f o r m e d i c i n a l p u r p o s e s . The s p r i n g i s i n c l o s e d , so t h a t t h e 
t e m p e r a t u r e of t h e w a t e r a s i t i s s u e s from t h e r o c k c o u l d n o t be 
m e a s u r e d , b u t a s i t i s s u e s from t h e p i p e l e a d i n g from t h e s p r i n g i t 
h a s a t e m p e r a t u r e of 190°F . W i t h i n t h e s p r i n g t h e w a t e r i s b o i l i n g 
and s t e a m e s c a p e s a l s o from c r e v i c e s i n t h e r o c k f o r a d i s t a n c e of 
s e v e r a l f e e t a b o u t t h e s p r i n g . The w a t e r c o n t a i n s a l a r g e amount of 
m i n e r a l i n s o l u t i o n *** and i s s t r o n g l y c h a r g e d w i t h h y d r o g e n s u l ­
p h i d e (H£S) . Much of t h e s i l i c a (S1O2) c o n t a i n e d i n s o l u t i o n a s t h e 
b o i l i n g w a t e r i s s u e s from t h e r o c k s i s d e p o s i t e d a s t h e w a t e r c o o l s 
and does n o t a p p e a r i n t h e a n a l y s i s . The s i l i c a i s p r e c i p i t a t e d a s 
a l i g h t - g r e e n j e l l y which c h a n g e s t o w h i t e , spongy masse s when a r t i ­
f i c i a l l y d r i e d , b u t which i n n a t u r e b u i l d s a b o u t t h e s p r i n g s compact 
s t o n y mounds . On a n a l y s i s t h i s d e p o s i t was found t o c o n s i s t e n t i r e l y 
of s i l i c a . 
The w a t e r a n a l y s i s g i v e n by Lee ( 1 9 0 8 , p . 50) f o r one of t h e 
s p r i n g s i s r e p r o d u c e d i n T a b l e 4 , a l o n g w i t h a n a l y s e s from 1950 and 
1957 . The c o n c e n t r a t i o n s of sodium and p o t a s s i u m , c h l o r i d e , and s i l ­
i c a r e p o r t e d by Lee a r e v e r y d i f f e r e n t from t h e c o n c e n t r a t i o n s r e p o r ­
t e d i n t h e o t h e r two a n a l y s e s . Lee g i v e s t h e l o c a t i o n of t h e s p r i n g 
t h a t he sampled a s s e c t i o n ? , T. 27 S . , R. 9 W. ( 1 9 0 8 , p . 2 0 ) , and 
n o t e s t h a t a b a t h h o u s e was n e a r b y . I t i s p o s s i b l e t h a t t h i s s p r i n g 
was n o t t h e s p r i n g d e v e l o p e d f o r t h e R o o s e v e l t Hot S p r i n g s R e s o r t , 
which i s i n s e c t i o n 3 4 , T. 26 S . , R. 9 W. P e r h a p s t h e s p r i n g sampled 
by Lee was n e a r t h e s m a l l b u i l d i n g i n Negro Mag Wash ( s e e d e s c r i p t i o n 
on p . 3 6 ) . 
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Tab 1 e 4 , — A n a l y s e s of w a t e r £rom Roo15eve 11: Iiot 5 p r i n g s . 
C o n c e n t r a t i o n s i n p a r t s p e r m i l l i o n . 
A B 
D a t e of c o l l e c t i o n 1906 11-4 50 9 - 1 1 - 5 7 
T e m p e r a t u r e (°F) .190 .185 131 
S i l i c a ( S i 0 2 ) 101 405 313 
Ca lc ium (Ca) 31 19 22 
Magnesium (Mg) 9 .7 3 . 3 0 
Sodium (Na) 





B i c a r b o n a t e (HCO3) 30 158 156 
S u l f a t e (SO4) 90 65 73 
C h l o r i d e (CI) 87 3 ,810 4
 s 240 
F l u o r i d e (F) n . d . * 7 .1 7 . 5 
N i t r a t e (NO3) 1 .83 1.9 11 
Boron (B) n . d . * n . d . * 38 
L i t h i u m ( L i ) d o . d o . 0 . 2 7 
I o d i d e ( I ) d o . d o . 0 . 3 
R e s i d u e on e v a p o r a t i o n 645 d o . n . d e * 
a t 180 C 
C a l c u l a t e d d i s s o l v e d s o l i d s n . d . * 7 , 0 4 0 7 ,800 
pH d o . n . d . * 7 . 9 
L o c a t i o n s e c . ? s e c . 3 4 d c b , s e c . 3 4 d c b , 
T , 2 7 S « , T . 2 6 S . , T . 2 6 S , , 
R.9W. R.9W. R.9W. 
Sampled and a n a l y z e d by U . S . G . S . U . S . G . S . U . S . G . S , 
S o u r c e of d a t a L e e , 1908 Mundorf f , Mundorff , 
p . 5 0 . 1970 , p . 
1 6 - 1 7 , 
1970 , P . 
1 6 - 1 7 , 
* n . d . : n o t d e t e r m i n e d 
Mundorff a p p a r e n t l y assumed t h a t a l l t h r e e a n a l y s e s we re on w a t e r 
from the. same s p r i n g . He n o t e d ( 1 9 7 0 , p . 42) t h a t t h e s p r i n g d i s ­
c h a r g e d e c r e a s e d by t e n f o l d from 1908 t o 1950 , and t h e d i s s o l v e d s o l ­
i d s c o n t e n t of t h e w a t e r i n c r e a s e d by t e n f o l d d u r i n g t h e same p e r i o d . 
The s p r i n g s of t h e R o o s e v e l t a r e a s t e p p e d f l o w i n g a f t e r a b o u t 
1963 . Two e x p l a n a t i o n s can b e p r o p o s e d t o r t h e d e c l i n e of d i s c h a r g e : 
(1) t h e c h a n n e l w a y s t h r o u g h wh ich t h e w a t e r r e a c h e d t h e s u r f a c e were 
g r a d u a l l y s e a l e d by d e p o s i t i o n of d i s s o l v e d s o l i d s , e s p e c i a l l y s i l i c a , 
o r ( ? ) a g e n e r a l l o w e r i n g of t h e w a t e r t a b l e i n t h e E s c a l a n t e v a l l e y 
c a u s e d a change i n g r o u n d w a t e r f low p a t t e r n s , and one e f f e c t was t o 
d ry up R o o s e v e l t Hot S p r i n g s . The second e x p l a n a t i o n assumes t h a t 
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R o o s e v e l t Hot S p r i n g s were i n c l o s e h y d r a u l i c c o n n e c t i o n w i t h t h e 
s h a l l o w g r o u n d w a t e r s y s t e m , and t h i s h a s n o t b e e n p r o v e d . 
Geochemica l Thermomete r s 
W a t e r s of t h e r m a l s p r i n g s and b o r e h o l e s from many g e o t h e r m a l 
a r e a s h a v e b e e n a n a l y z e d f o r ma jo r e l e m e n t s and t r a c e e l e m e n t s . Com­
p a r i s o n of t h e s e a n a l y s e s w i t h t h e s u b s u r f a c e t e m p e r a t u r e s e n c o u n ­
t e r e d i n d r i l l i n g h a s shown t h a t a r e l a t i o n s h i p e x i s t s b e t w e e n s u b ­
s u r f a c e t e m p e r a t u r e and t h e c o n c e n t r a t i o n s of s i l i c a and of sod ium, 
p o t a s s i u m , and c a l c i u m i n t h e w a t e r s . These e m p i r i c a l g e o t h e r m o ­
m e t e r s " have been u s e d t o p r e d i c t s u b s u r f a c e t e m p e r a t u r e s when o n l y 
t h e w a t e r c h e m i s t r y was known, and i n some i n s t a n c e s t h e p r e d i c t e d 
t e m p e r a t u r e s h a v e b e e n q u i t e a c c u r a t e . 
I n t h e f o l l o w i n g s e c t i o n s , t h e s i l i c a and s o d i u m - p o t a s s i u m -
c a l c i u m g e o t h e r m o m e t e r s a r e a p p l i e d t o R o o s e v e l t Hot S p r i n g s . 
S i l i c a Geo the rmomete r 
F o u r n i e r and Rowe (1966) s u g g e s t e d t h a t t h e s i l i c a c o n t e n t of 
n e a r - b o i l i n g h o t s p r i n g s i s c o n t r o l l e d by t h e s o l u b i l i t y of q u a r t z 
i n t h e r e s e r v o i r r o c k s , and t h a t t h e t e m p e r a t u r e a t wh ich t h e w a t e r 
was l a s t i n e q u i l i b r i u m w i t h q u a r t z m i g h t b e e s t i m a t e d from t h e 
s i l i c a c o n c e n t r a t i o n . 
Us ing d a t a f o r t h e s o l u b i l i t y of q u a r t z b e t w e e n 100° and 375°C, 
F o u r n i e r and Rowe (1966 , p . 693-694) c a l c u l a t e d t h e f i n a l c o n c e n t r a ­
t i o n of s i l i c a i n w a t e r s t h a t h a v e c o o l e d a d i a b a t i c a l l y t o 100°C and 
d e c r e a s e d i n p r e s s u r e t o 1 a tm. T h e i r c a l c u l a t i o n s assume t h a t no 
s i l i c a i s p r e c i p i t a t e d from t h e w a t e r p r i o r t o s a m p l i n g , t h a t l a r g e 
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q u a n t i t i e s of CO2, ^ S , and o t h e r g a s e s d i d n o t s e p a r a t e from t h e 
f l u i d a s p r e s s u r e s d r o p p e d , and t h a t no m i x i n g w i t h c o o l e r o r more 
d i l u t e n e a r - s u r f a c e w a t e r s o c c u r r e d . 
The a c c u r a c y of t h e t e m p e r a t u r e p r e d i c t i o n d e p e n d s on t h e a c c u ­
r a c y of t h e s i l i c a a n a l y s i s . I f c o l o r i m e t r i c me thods a r e used t o 
d e t e r m i n e t h e q u a n t i t y of s i l i c a i n a g i v e n s a m p l e , t h e n t h e f r e s h ­
n e s s of t h e sample i s of c r i t i c a l i m p o r t a n c e . W h i t e , B rannock , and 
M u r a t a (1956) s t a t e t h a t u n l e s s s a m p l e s a r e f r e s h , t h e amount of s i l ­
i c a d e t e r m i n e d by c o l o r i m e t r i c me thods i s much l e s s t h a n t h a t d e t e r ­
mined by g r a v i m e t r i c m e t h o d s . 
The a n a l y s e s of R o o s e v e l t Hot S p r i n g s w a t e r g i v e n i n T a b l e 4 
g i v e t h e s i l i c a c o n c e n t r a t i o n a s 101 ppm, 405 ppm, and 313 ppm; b u t 
t h e method of d e t e r m i n a t i o n and t h e t i m e l a p s e b e t w e e n s a m p l i n g and 
a n a l y s i s a r e n o t g i v e n . However, t h e c o n c e n t r a t i o n s r e p o r t e d can b e 
c o n s i d e r e d a s minimum v a l u e s . U s i n g t h e d a t a of F o u r n i e r and Rowe 
( 1 9 6 6 , p . 6 9 4 ) , t h e t e m p e r a t u r e of l a s t e q u i l i b r a t i o n of t h e h o t 
w a t e r w i t h q u a r t z i s 210°C f o r 405 ppm s i l i c a , and 195°C f o r 313 ppm 
s i l i c a . L e e ' s a n a l y s i s ( 1 9 0 8 , p . 50) of 101 ppm s i l i c a p r o b a b l y does 
n o t r e p r e s e n t t h e t r u e c o n c e n t r a t i o n of s i l i c a i n t h e w a t e r t h a t he 
s a m p l e d . 
S o d i u m - P o t a s s i u m - C a l c i u m Geothe rmomete r 
A r e l a t i o n s h i p a l s o h a s b e e n o b s e r v e d b e t w e e n s u b s u r f a c e t e m p e r ­
a t u r e s and t h e p o t a s s i u m , ' sod ium, and c a l c i u m c o n t e n t of g e o t h e r m a l 
w a t e r s . S e v e r a l w o r k e r s have s u g g e s t e d t h a t t h e o b s e r v e d e f f e c t i s 
b e c a u s e t h e p a r t i t i o n i n g of a l k a l i e s b e t w e e n s o l u t i o n s and s o l i d 
p h a s e s i s t e m p e r a t u r e - d e p e n d e n t . 
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F o u r n i e r and T r u e s d e l l (1973) p r o p o s e d t h a t t h e c o n c e n t r a t i o n s 
of s o d i u m , p o t a s s i u m , and c a l c i u m i n g e o t h e r m a l w a t e r s can be e x p l a i n ­
ed e n t i r e l y i n t e r m s of s i l i c a t e r e a c t i o n s , even t hough t h e a b s o l u t e 
q u a n t i t y of a q u e o u s Ca i s c o n t r o l l e d by t h e s o l u b i l i t y of c a r b o n a t e . 
F o l l o w i n g t h e method of F o u r n i e r and T r u e s d e l l , ( 1 9 7 3 , p . 1266-
1 2 6 7 ) , a c h e m i c a l a n a l y s i s of a s amp le of g e o t h e r m a l w a t e r can b e 
u s e d t o c a l c u l a t e t h e t e m p e r a t u r e of l a s t e q u i l i b r a t i o n of t h e w a t e r 
w i t h C a - , N a - , and K - b e a r i n g s i l i c a t e m i n e r a l s . T h i s c a l c u l a t i o n was 
made f o r a n a l y s e s B and C of T a b l e 4 . A n a l y s i s B y i e l d e d a t e m p e r a ­
t u r e of e q u i l i b r a t i o n of 298°C, and a n a l y s i s C y i e l d e d a t e m p e r a t u r e 
of e q u i l i b r a t i o n of 292°C. 
D i s c u s s i o n 
The r e s e r v o i r t e m p e r a t u r e s e s t i m a t e d by t h e s i l i c a method a r e 
210° and 195°C f o r a n a l y s e s B and C. T h e s e t e m p e r a t u r e s a r e much 
lower t h a n t h e 298° and 292°C y i e l d e d by t h e s o d i u m - p o t a s s i u m - c a l c i u m 
me thod . 
The l ower t e m p e r a t u r e s y i e l d e d by t h e s i l i c a method may i n d i c a t e 
t h a t s i l i c a c o n c e n t r a t i o n s w e r e d e c r e a s e d by m i x i n g w i t h c o o l w a t e r s 
n e a r t h e s u r f a c e . The s o d i u m - p o t a s s i u m - c a l c i u m g e o t h e r m o m e t e r may 
g i v e a b e t t e r e s t i m a t e of s u b s u r f a c e t e m p e r a t u r e b e c a u s e e v a p o r a t i v e 
c o n c e n t r a t i o n of t h e s p r i n g w a t e r o r m i x i n g w i t h d i l u t e w a t e r s would 
n o t a f f e c t t h e r a t i o s of t h e i o n s , and b e c a u s e a n a l y t i c a l e r r o r i s 
l e s s l i k e l y w i t h t h e s e i o n s t h a n w i t h s i l i c a . However , t h e t e m p e r ­
a t u r e e s t i m a t e s b a s e d on t h e Na-K-Ca g e o t h e r m o m e t e r may b e low. 
F o u r n i e r and T r u e s d e l l ( 1 9 7 3 , p . 1270) s t a t e t h a t t h e Na-K-Ca g e o ­
t h e r m o m e t e r w i l l commonly y i e l d t e m p e r a t u r e s l o w e r t h a n t h e 
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r e s e r v o i r t e m p e r a t u r e b e c a u s e of c o n t i n u e d r e a c t i o n w i t h w a l l r o c k s a t 
l o w e r t e m p e r a t u r e s d u r i n g a s c e n t . 
Fo r t h e s e a n a l y s e s , t e m p e r a t u r e e s t i m a t e s y i e l d e d by t h e s i l i c a 
method a r e l e s s r e l i a b l e t h a n e s t i m a t e s by t h e Na-K-Ca method b e c a u s e 
t h e method of s i l i c a d e t e r m i n a t i o n i s n o t g i v e n and t h e amount of 
e v a p o r a t i v e c o n c e n t r a t i o n of t h e s a m p l e s i s c o m p l e t e l y unknown. 
I t may be s i g n i f i c a n t t h a t t h e t e m p e r a t u r e of t h e s p r i n g a t t h e 
t i m e s ample B was c o l l e c t e d was h i g h e r t h a n when s ample C was c o l l e c ­
t e d , and t h a t , by b o t h m e t h o d s , a n a l y s i s B g i v e s a h i g h e r s u b s u r f a c e 
t e m p e r a t u r e e s t i m a t e t h a n a n a l y s i s C. 
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POSSIBILITY OF A COMMERCIAL GEOTHERMAL SYSTEM 
IN THE ROOSEVELT AREA 
At t h e p r e s e n t t i m e , o n l y a b o u t t e n g e o t h e r m a l s y s t e m s i n t h e 
w o r l d h a v e b e e n c o m m e r c i a l l y d e v e l o p e d ( K o e n i g , 1 9 7 1 , p . 1 2 ) . The 
l a r g e s t i n s t a l l a t i o n s a r e : The G e y s e r s i n C a l i f o r n i a , w i t h 405 
m e g a w a t t s g e n e r a t i n g c a p a c i t y i n s t a l l e d ; L a r d e r e l l o , I t a l y , w i t h 
365 m e g a w a t t s ; W a i r a k e i , New Z e a l a n d , w i t h 160 m e g a w a t t s ; and C e r r o 
P r i e t o , M e x i c o , w i t h a b o u t 75 m e g a w a t t s . The G e y s e r s and L a r d e r e l l o 
f i e l d s p r o d u c e d r y s t e a m , and t h e W a i r a k e i and C e r r o P r i e t o f i e l d s 
p r o d u c e h o t w a t e r t h a t f l a s h e s t o s t e a m . 
A l t h o u g h o t h e r a p p l i c a t i o n s of g e o t h e r m a l r e s o u r c e s may someday 
b e i m p o r t a n t , o n l y one t y p e of l a r g e - s c a l e d e v e l o p m e n t i s now econom­
i c a l l y f e a s i b l e : u t i l i z i n g g e o t h e r m a l s t e a m t o g e n e r a t e e l e c t r i c i t y . 
T h e r e f o r e , t h e b a s i c r e q u i r e m e n t of a c o m m e r c i a l s y s t e m i s t h a t s u f ­
f i c i e n t s t e a m b e p r o d u c e d t o r u n a t u r b i n e . At The G e y s e r s , 1 8 . 5 3 l b 
of s t e a m a r e r e q u i r e d t o p r o d u c e one k i l o w a t t - h o u r of e l e c t r i c i t y ; 
and f u t u r e g e n e r a t i n g p l a n t s w i l l b e b u i l t when an a r e a w i t h i n t h e 
f i e l d can d e m o n s t r a t e a s t e a m c a p a b i l i t y e q u i v a l e n t t o 100 ,000 
k i l o w a t t - h o u r s ( G a r r i s o n , 1972 , p . 1 4 5 0 - 1 4 5 1 ) . 
The f o u r component p a r t s of a c o m m e r c i a l g e o t h e r m a l s y s t e m a r e : 
a h e a t s o u r c e , a r e s e r v o i r , a cap r o c k , and w a t e r . The h e a t s o u r c e 
i s p r e s u m a b l y h o t r o c k o r magma, and i s b u r i e d b e n e a t h t h e r e s e r v o i r . 
Hea t i s c o n d u c t e d from t h e h o t r o c k i n t o t h e r e s e r v o i r t h r o u g h t h e 
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i n t e r v e n i n g r o c k s . 
The r e s e r v o i r must have s u f f i c i e n t p o r o s i t y and p e r m e a b i l i t y t o 
y i e l d t h e r e q u i r e d amount of s t e a m t o t h e w e l l s . At W a i r a k e i , t h e 
r e s e r v o i r r o c k s a r e a b r e c c i a a q u i f e r and f a u l t e d f i s s u r e zones i n a 
l o w - p o r o s i t y i g n i m b r i t e ( E l l i s , 1970 , p . 2 1 5 ) . W e l l s d r a w i n g on t h e 
a q u i f e r s t o r a g e have p e r m e a b i l i t i e s of one d a r c y and h i g h e r ( G a r r i s o n , 
1972 , p . 1 4 5 6 ) . At The G e y s e r s , t h e s t e a m r e s e r v o i r s a r e p r i m a r i l y 
s h e a r z o n e s , which a r e r e l a t e d t o f a u l t i n g ( G a r r i s o n , 1972 , p . 1 4 5 6 ) . 
The r e s e r v o i r must be i s o l a t e d from t h e s u r f a c e of t h e e a r t h by 
r e l a t i v e l y impe rmeab le r o c k s ; o t h e r w i s e l a r g e vo lumes of h o t f l u i d s 
would n o t be t r a p p e d i n t h e r e s e r v o i r z o n e s . These r e l a t i v e l y im­
p e r m e a b l e r o c k u n i t s a r e g e n e r a l l y c a l l e d " c a p r o c k s " . At The Gey­
s e r s , G a r r i s o n ( 1 9 7 2 , p . 1456) s u g g e s t s t h a t t h e cap r o c k may be 
i n n a t e l y i m p e r m e a b l e , o r t h a t d e p o s i t i o n of m i n e r a l s , s u c h a s s i l i c a , 
may h a v e s e a l e d t h e r o c k s . At L a r d e r e l l o , h i g h l y p e r m e a b l e l i m e ­
s t o n e s t h a t form t h e r e s e r v o i r a r e o v e r l a i n by an impe rmeab le 
a l l o c h t h o n o u s s e r i e s of r o c k s ( G a r r i s o n , 1972, p . 1 4 5 7 ) . 
At The G e y s e r s , t h e w a t e r i n t h e r e s e r v o i r body and t h e b o i l e d -
o f f v a p o r a r e p r i m a r i l y m e t e o r i c i n o r i g i n ( G a r r i s o n , 1972 , p . 1 4 5 6 ) . 
The r e c h a r g e a r e a and t h e r a t e of r e c h a r g e a r e p o o r l y known. 
I n t h e f o l l o w i n g s e c t i o n , s p e c u l a t i o n s a r e made on t h e e x i s t e n c e 
of t h e f o u r components of a g e o t h e r m a l s y s t e m i n t h e R o o s e v e l t a r e a . 
These s p e c u l a t i o n s a r e b a s e d on t h e g e o l o g i c a l and g e o c h e m i c a l d a t a 
g a t h e r e d i n t h i s s t u d y . 
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P o s s i b i l i t y of a Heat S o u r c e 
The M i n e r a l Range p l u t o n i s r e l a t i v e l y y o u n g , and t h e Ranch 
Canyon v o l c a n i c s a r e even y o u n g e r . T h e s e r o c k s show t h a t i g n e o u s 
a c t i v i t y h a s o c c u r r e d a t l e a s t i n t e r m i t t e n t l y d u r i n g l a t e T e r t i a r y 
t i m e i n t h e R o o s e v e l t a r e a . 
The s t e a m w e l l , h o t s p r i n g s , and t h e f a v o r a b l e g e o c h e m i c a l d a t a 
y i e l d e d by t h e i r w a t e r s i n d i c a t e t h a t h e a t i s p r e s e n t i n t h e s u b ­
s u r f a c e . 
The d a t a i n d i c a t e t h a t t h e r e i s a h i g h p r o b a b i l i t y t h a t a h o t 
s u b s u r f a c e i g n e o u s body e x i s t s i n t h e R o o s e v e l t a r e a . 
P o s s i b i l i t y of a R e s e r v o i r 
P r i m a r y p o r o s i t y i n t h e g r a n i t e and t h e m e t a m o r p h i c r o c k s i s 
p r o b a b l y v e r y low. I f P a l e o z o i c s e d i m e n t a r y r o c k s a r e p r e s e n t b e n e a t h 
t h e a l l u v i u m , t h e y can b e e x p e c t e d t o h a v e h i g h e r p r i m a r y p o r o s i t y . 
S e c o n d a r y p o r o s i t y a l o n g f a u l t s may b e v e r y i m p o r t a n t . 
P o s s i b i l i t y of a Cap Rock 
I f a cap r o c k e x i s t s i n t h e R o o s e v e l t a r e a , i t mos t p r o b a b l y 
c o n s i s t s of r o c k s t h a t have b e e n s e a l e d by t h e d e p o s i t i o n of m i n e r a l s 
from t h e h o t w a t e r . However , o t h e r t y p e s of cap r o c k s m i g h t be p r e ­
s e n t . An i n t e r e s t i n g s u g g e s t i o n , wh ich mus t be c o n s i d e r e d c o m p l e t e l y 
s p e c u l a t i v e , i s t h a t t h r u s t f a u l t s s i m i l a r t o t h o s e exposed a t t h e 
n o r t h end of t h e M i n e r a l Range c o u l d b e p r e s e n t b e n e a t h t h e a l l u v i u m 
i n t h e R o o s e v e l t a r e a , and m i g h t a c t a s a c a p p i n g u n i t . 
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More s t u d y i s needed t o d e t e r m i n e i f a cap r o c k d o e s e x i s t i n 
t h e R o o s e v e l t a r e a . 
P o s s i b i l i t y of Water 
T h e r e a r e n o t s u f f i c i e n t d a t a t o e v a l u a t e t h e h y d r o l o g i c 
c o n d i t i o n s t h a t m i g h t p r e v a i l i n a g e o t h e r m a l s y s t e m i n t h e R o o s e v e l t 
a r e a . L i t t l e i s known a b o u t t h e s h a l l o w ( l e s s t h a n 1,000 f e e t d e e p ) 
a q u i f e r s i n t h e a l l u v i u m of t h e p o r t i o n of t h e E s c a l a n t e V a l l e y t h a t 
i s i n c l u d e d i n t h e R o o s e v e l t a r e a ; and even l e s s i s known a b o u t h y d r o -
l o g i c c o n d i t i o n s i n t h e u n d e r l y i n g b e d r o c k . 
W e l l s a r e n e c e s s a r y t o d e t e r m i n e t h e t e m p e r a t u r e , and q u a n t i t y 
and q u a l i t y of f l u i d s i n t h e s u b s u r f a c e . 
         t i
 lt area.
i ili   
   i t     h l
   il  l    
        0 t  
         t  l  t
    lt      t 
     be r .
        q t
 l      subs rfa .
REFERENCES CITED 
A r m s t r o n g , R i c h a r d L . , 1970, G e o c h r o n o l o g y of T e r t i a r y i g n e o u s r o c k s , 
e a s t e r n B a s i n and Range P r o v i n c e , w e s t e r n U t a h , e a s t e r n Nevada , 
and v i c i n i t y , U . S . A . : Geochim. e t Cosmochim. A c t a , v o l . 3 4 , 
p . 2 0 3 - 2 3 2 . 
B u t l e r , B. S . , L o u g h l i n , G. F . , and H e i k e s , V. C , 1920 , Ore d e p o s i t s 
of U t a h : U. S. G e o l . Survey P r o f . P a p e r 1 1 1 , 671 p . 
C o n d i e , Kent C . , 1960, P e t r o g e n e s i s of t h e M i n e r a l Range p l u t o n , 
s o u t h w e s t e r n U t a h ; u n p u b . M. S. t h e s i s , U n i v e r s i t y of U t a h , 
92 p . 
Cook, K. L . , and M u d g e t t , P . M. , 1966 , R e g i o n a l g r a v i t y s u r v e y of 
t h e M i n e r a l , San F r a n c i s c o , B e a v e r , and n o r t h e r n Wah Wah 
M o u n t a i n s r e g i o n , i n Beaver and M i l l a r d C o u n t i e s , U t a h : 
Utah Academy of S c i e n c e P r o c e e d i n g s , v o l . 4 3 , p a r t 2 , p . 6 2 . 
C r a w f o r d , A. L . , and B u r a n e k , A. M. , 1943 , C e r t a i n t u n g s t e n d e p o s i t s 
of t h e M i n e r a l Range , Beave r Coun ty , U t a h : S t a t e of U t a h , 
D e p a r t m e n t of P u b l i c i t y and I n d u s t r i a l D e v e l o p m e n t , C i r c . No. 
2 6 , 30 p . 
1945 , T u n g s t e n d e p o s i t s of t h e 
M i n e r a l Range , Beaver C o u n t y , U t a h : D e p a r t m e n t of Min ing 
and M e t a l l u r g i c a l R e s e a r c h (Utah E n g i n e e r i n g E x p e r i m e n t 
S t a t i o n ) , B u l l e t i n 2 5 , 48 p . 
E a r l l , F . N . , 1957 , Geology of t h e c e n t r a l M i n e r a l Range , Beaver 
Coun ty , U t a h : unpub . P h . D . t h e s i s , U n i v e r s i t y of U t a h , 112 p . 
E l l i s , A. J . , 1970, P r e s e n t - d a y h y d r o t h e r m a l s y s t e m s and m i n e r a l 
d e p o s i t i o n : P r o c e e d i n g s of t h e Commonwealth Min ing Met . 
Congr . ( 9 t h ) , v o l . 2 , p . 2 1 1 - 2 3 9 . 
F o u r n i e r , R. 0 . , and Rowe, J . J . , 1966 , E s t i m a t i o n of u n d e r g r o u n d 
t e m p e r a t u r e s from t h e s i l i c a c o n t e n t of w a t e r from h o t s p r i n g s 
and w e t - s t e a m w e l l s : Amer ican J o u r n a l of S c i e n c e , v o l . 264 , 
p . 6 8 5 - 6 9 7 . 
f a n d T r u e s d e l l , A. H . , 1973 , An e m p i r i c a l Na-K-Ca 
g e o t h e r m o m e t e r f o r n a t u r a l w a t e r s : Geochim. e t Cosmochim. 
A c t a , v o l . 37 , p . 1 2 5 5 - 1 2 7 5 . 
\ 
    l     r ,
        
        
 .
tl ,  l  .   .,   de t
       .
    i    i l  l t
t       i r it   ,
.
   tt        
    ,   
t    r  i  t  t :
        
r ,       deposic
  i l       
t  li i   t i l t,  
 .
  i   th
i l     t  
 t ll r i l    i
 ll t  .
rl       t l l  
     i r it     .
l     l   
     rn ml7ealt   .
     
i ,   
   
   
 
   U.mati   u r r
 t    t spri
 l    
------.-.--------, and ruesde l, . ., 1.973, n e pirical - - a 
t er Olllc'ter  ]  c   
   
50 
G a r r i s o n , L o w e l l E . , 1972, G e o t h e r m a l s t e am i n The G e y s e r s - C l e a r 
Lake r e g i o n , C a l i f o r n i a : G e o l . Soc . Amer ica B u l l . , v o l . 8 3 , 
n o . 5 , p . 1449 -1468 . 
G i l b e r t , G. K . , 1890, Lake B o n n e v i l l e : U. S. G e o l . Survey Mono­
g r a p h 1, 438 p . 
Godwin, L. I I . , H a i g l e r , L. B . , R i o u x , R. L . , W h i t e , D. E . , M u f f l e r , 
L. J . P . , and Wayland, R. G . , 1 9 7 1 , C l a s s i f i c a t i o n of p u b l i c 
l a n d s v a l u a b l e f o r g e o t h e r m a l s t e am and a s s o c i a t e d g e o t h e r m a l 
r e s o u r c e s : U. S. G e o l . Survey C i r c . 6 4 7 , 18 p . 
K o e n i g , James B . , 1 9 7 1 , G e o t h e r m a l d e v e l o p m e n t : G e o t i m e s , v o l . 16 , 
n o . 3 , p . 1 0 - 1 2 . 
L e e , W i l l i s T . , 1908 , Water r e s o u r c e s of Beaver V a l l e y , U t a h : U. S. 
G e o l . Survey W a t e r - S u p p l y P a p e r 2 1 7 , 56 p . 
L i e s e , H. C , 1957 , Geology of t h e n o r t h e r n M i n e r a l Range , M i l l a r d 
and Beaver C o u n t i e s , U t a h : u n p u b . M. S. t h e s i s , U n i v e r s i t y 
of U t a h , 88 p . 
Mundorff , J . C , 1970, Major t h e r m a l s p r i n g s of U t a h : Utah G e o l . 
and M i n e r a l Survey W a t e r - R e s o u r c e s B u l l . 1 3 , 60 p . 
P a r k , G. M. , 1968 , Some g e o c h e m i c a l and g e o c h r o n o l o g i c s t u d i e s of 
t h e b e r y l l i u m d e p o s i t s i n w e s t e r n U t a h : u n p u b . M. S. t h e s i s , 
U n i v e r s i t y of U t a h , 104 p . 
P e t e r s e n , C. A . , 1973a , R o o s e v e l t and Thermo Hot S p r i n g s , Beaver 
C o u n t y , U t a h : Utah G e o l o g i c a l A s s o c i a t i o n P u b l i c a t i o n 3 , 
p . 7 3 - 7 4 . 
, 1973b, Summary of s t r a t i g r a p h y i n t h e M i n e r a l 
Range , Beaver and M i l l a r d C o u n t i e s , U t a h : Utah G e o l . and 
M i n e r a l S u r v e y , R e p o r t of I n v e s t i g a t i o n No. 8 4 , 7 p . 
S a l t Lake Mining Review, 1902 , v o l . 4 , J u l y 1 5 , p . 2 1 . 
S t r e c k e i s e n , A. L . , 1973 , P l u t o n i c r o c k s : C l a s s i f i c a t i o n and nomen­
c l a t u r e recommended by t h e IUGS Subcommiss ion on t h e S y s t e m a t i c s 
of I g n e o u s R o c k s : G e o t i m e s , v o l . 1 8 , n o . 10 , p . 2 6 - 3 0 . 
U. S. D e p a r t m e n t of Commerce, N a t i o n a l O c e a n i c and A t m o s p h e r i c Admin­
i s t r a t i o n E n v i r o n m e n t a l D a t a S e r v i c e , 1973 , L o c a l c l i m a t o l o g i c a l 
d a t a , a n n u a l summary; w i t h c o m p a r a t i v e d a t a , Mi l fo rd . , U t a h . 
W h i t e , D. E . , B r a n n o c k , W. W., and M u r a t a , K. J . , 1956 , S i l i c a i n 
h o t - s p r i n g w a t e r s : Geochim. e t Cosmochim. A c t a , v o l . 10 , 
p . 2 7 - 5 9 . 
    l   il
  Llltfornia:    ll.   
  
rt     i     -
  .
  H  i l ,   1    ffl ,
      i ti   
   l    ge t r
   ·r    
   . l t    
   
 
 ill        l   
  l   .
 .,      i   
  t       t
  .
rff,  .,  j r      .
     .
   i l  l i    
  i        t ,
i r i     .
,   lt      
   i l i t  l t  
 .
----------------,      i r l
   il  t     
i       .
lt          
~    l i i ti   -
    l i i    Syste
        .
 t  rrun .:ltional .eani    -
 t l .:lt    cli t l
 ll ;ll ary, it  t   ilford, .
i    , 
  
 .
.   t     i
     
